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Executive Summary 


Overview 


The provincial review of mathematics for Grade 12 (advanced level) is 
part of an ongoing program of provincial reviews instituted by the 
Ministry of Education. These reviews are the primary means by which 
the ministry carries out its commitment to monitor education in the 
Province of Ontario and inform the public about the performance of the 
educational system. 


In order to obtain a direct indication of how well Grade 12 (advanced 
level) students have achieved the goals of the mathematics program, the 
Grade 12 (advanced level) students in 99 English-language schools 
answered multiple-choice and open-ended questions in geometry, 
relations and functions, algebraic operations, and applying problem- 
solving strategies to process problems. 


Questionnaires answered by principals, teachers, and students provided 
information on teaching practices and student attitudes. 


Student Performance on Mathematics Tasks 


Grade 12 (advanced level) students achieved at levels that were judged 
to be satisfactory or better in half of the topics in the course; 
achievement was rated as strong in one topic, satisfactory in five topics, 
marginal in five topics, and weak in one topic. 


Achievement was strong in the topic of similar figures; it was satisfactory 
in congruence and parallelism, the circle, polynomials and equations, 
radicals, and process problems. The following were identified as areas 
of weakness: graphs of functions and relations, trigonometric functions, 
applications of trigonometric functions, exponential and logarithmic 
functions, graphs of second-degree relations, and absolute value. 


Student Attitudes 


Most students expressed positive attitudes towards mathematics. The 
majority thought that mathematics was important for employment, that 
it was of equal importance for boys and girls, and that it was helpful to 
them outside of school. Fifty-one per cent of students felt that they 
were good in mathematics, and 33 per cent felt that mathematics was 


difficult. Sixty-one per cent of students liked mathematics. When given 
a difficult problem, most students attempted a variety of approaches to 
reach a solution; few students gave up before reaching a solution. 


Classroom Activities and Classroom Practices 


The most commonly used methods of instruction were chalkboard or 
projector presentations to the whole class and having students work 
individually on assignments. Teacher demonstrations with concrete 
materials were used for an average of 8 per cent of the class time. 


Calculators were often used in most classrooms, but approximately half 
of the teachers reported that students did not have access to computers. 
When computers were available, teachers most frequently encouraged 
students to use them to practise new concepts, to learn new concepts 
and skills, and as an aid in doing projects. 


Most students reported that they frequently worked on mathematics 
alone and that their teacher frequently taught mathematics to the whole 
class. More than half of the students never did projects in mathematics, 
and most students never used a computer in mathematics class. 


Fifty-six per cent of students had computers at home, but only 4 per 
cent used them for mathematics school work. 


Seventy-three per cent of students did one or more hours of 
mathematics homework each week, 22 per cent did less than one hour, 
and 5 per cent did no mathematics homework. 


Teachers reported that students had the opportunity to learn the course 
content required to answer most of the questions in the Student 
Assessment Booklets. Opportunity to learn was highest for algebraic 
operations; it was also high for relations and functions, but somewhat 
lower for geometry. 


It is hoped that this report will encourage discussion about mathematics 
in Ontario schools. Ontario educators should now take steps to: 


= maintain the strengths that were identified by this review of the 
Grade 12 (advanced level) mathematics program; 

= recommend and implement procedures that will lead to 
improvement in areas where weaknesses were identified. 
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1. Purpose of the Review 


The provincial review of mathematics for Grade 12 (advanced level) is 
part of an ongoing program of provincial reviews conducted by the 
Ministry of Education. These reviews are the primary means by which 
the ministry carries out its commitment to monitor education in Ontario 
and inform the public about the performance of the educational system. 
They are based on Ministry of Education curriculum guidelines and 
provide information about program implementation and student 
achievement. The main purposes of the reviews are to: 


= determine the effectiveness of curricula and the level of student 
achievement at the school, board, and provincial levels; 

= provide Ontario educators with information that may be used to 
make decisions for modifying and improving programs and 
improving levels of student achievement; 

= establish baseline data on both program effectiveness and student 
achievement against which information generated by future reviews 
can be compared in order to determine progress; 

= provide instruments and procedures that can be used in the future by 
school boards. 


The provincial review of mathematics for Grade 12 (advanced level) was 
carried out for two main reasons: first, to generate a profile of the 
nature of mathematics instruction in the Grade 12 (advanced level) 
course in Ontario; and, second, to determine how well students enrolled 
in this course are achieving the goals of the mathematics program. 


The profile of mathematics instruction describes some of the 
characteristics of students enrolled in mathematics at the advanced level 
in Grade 12, their teachers, and the mathematics activities that occur in 
their classes. It also compares students’ achievement on specific tasks 
with the performance expectations of parents, trustees, and educators. 


Relating the profile to our current knowledge of the nature of 
mathematics and to the Ministry of Education’s policy and guidelines on 
mathematics instruction will assist in identifying the most appropriate 
directions for mathematics instruction in Grade 12 (advanced level) 
courses to follow during the 1990s. The identification of these directions 
can be facilitated by an analysis of the responses to the Principal 
Questionnaire, the Teacher Questionnaire, the Student Questionnaire, 
and the Student Assessment Booklets that were administered as part of 
this review. 


This report presents in detail the results of the provincial review of 
mathematics for Grade 12 (advanced level) conducted in the spring of 
1990. A summary document, Mathematics, Grade 12 (Advanced Bevel iae 
Report Card for Ontario, has also been prepared. Parallel reports based 
on data from French-language schools are also available. 


2. Mathematics in Ontario Schools 


Mathematics is an essential skill for literate citizens because it is 
required in all areas of life, including the home and the marketplace as 
well as the school. It includes the study of patterns, the creation and 
application of abstract systems, and the use of logical arguments. For 
these reasons, the study of mathematics is an integral part of the 
education of all students up to Grade 10. It should help them 
appreciate the contribution that mathematics has made to the 
development of civilization, as well as prepare them for postsecondary 
education and for future careers. Beyond Grade 10, mathematics 
becomes more specialized. Grade 12 (advanced level) mathematics is 
intended mainly for students who wish to study mathematics at college 
or university. 


As part of its province-wide responsibility, the Ministry of Education, 
Ontario, establishes goals, policies, and specific expectations through its 
curriculum guidelines. The provincial curriculum policy for Ontario 
programs in the Intermediate and Senior Divisions is outlined in Ontario 
Schools, Intermediate and Senior Divisions (Grades 7-12/OACs): Program and 
Diploma Requirements, 1989, rev. ed. (OSIS). The specific expectations for 
Grade 12 (advanced level) mathematics are provided in the curriculum 
guideline Mathematics, Intermediate and Senior Divisions, 1985. 


While the ministry sets goals, policies, and specific expectations, it is the 
responsibility of local school boards to formulate programs that are 
within the rationale of the provincial policy and, at the same time, 
reflect local needs and priorities. Teachers, working both individually 
and as a group under the leadership of the department head, have the 
task of planning and delivering classroom programs that are specifically 
adapted to the students for whom they are responsible. This task 
includes the selection of appropriate teaching strategies, resources, and 
learning activities. 


In the past, research has made significant contributions to the 
development and implementation of mathematics programs in Ontario’s 
schools. It is expected that the results of this provincial review will be 
similarly beneficial. 


3. Description of the Measures and 


Samples for the Provincial Review 


3.1 The Instruments 


This provincial review used the following instruments to create a 
multifaceted profile of the mathematics experiences of students enrolled 
in mathematics at the advanced level in Grade 12: Principal 
Questionnaire, Teacher Questionnaire, Student Questionnaire, and 
Student Assessment Booklets. All of these instruments are included in a 
separate publication entitled Mathematics, Grade 12 (Advanced Level): 
Review Instruments. As well, planning documents were submitted to the 
ministry for review. 


The Principal Questionnaire was used to create a profile of the 
school environment and curriculum-management practices in the 
school. The questionnaire covered the following areas: the number 
of students enrolled in and the time allocated to mathematics 
instruction, the community served, the procedure for reviewing 
mathematics programs, and the extent of professional activities in 
mathematics education. 


The Teacher Questionnaire was used to collect information on 
teaching experience, personal and professional backgrounds of 
teachers, resources, teaching methods, and evaluation procedures. 


The Opportunity-to-Learn Form was used to collect information as to 
whether or not students had been taught the concepts and skills 
necessary to answer the questions in the Student Assessment 
Booklets. 


The Student Questionnaire provided information about the 
background and attitudes of students. Students answered questions 
about themselves and some of their activities outside of school, their 
attitudes towards school and mathematics, and what they did during 
mathematics class. 


= Student Assessment Booklets were used to measure student 
achievement in mathematics. Each of four different booklets 
contained questions related to all topics of the mathematics program. 
Most of these were multiple-choice questions, but three questions in 
each booklet required a written response. Some of these latter 
questions required students to supply a numerical response, some 
required students to complete a graph, some required students to 
write the algebraic solution for an equation, and others required that 
students undertake the full solution of a problem or a proof. 
Students were allowed to use calculators in completing the questions 
in these booklets. In addition, four process problems were 
administered to measure problem-solving skills. 


The following objectives of the course were assessed in the provincial 
review: 


= Geometry 
— Congruence and Parallelism 


e identifying as axioms properties such as the sum of the angles 
of a triangle; angle properties related to parallel lines, 
intersecting lines, and isosceles triangles; sufficiency conditions 
for congruent triangles; and basic properties of reflection, 
rotation, and translation 

e analysing and proving simple deductions and theorems 

e solving problems involving numerical applications 

e identifying the features of indirect proof 


— Similar Figures 


e defining similar figures 

e identifying the sufficiency conditions for similar triangles 

e solving numerical problems and proving simple deductions 
based on the sufficiency conditions for similar triangles 

e identifying and proving the relationship between linear 
dimensions and the area of similar figures 


— The Circle 


defining terms 

proving angle, chord, tangent, and secant properties associated 
with a circle and using these properties in numerical problems 
defining the radian measure of angles and converting angle 
measures from radians to degrees and from degrees to radians 
solving numerical problems involving circumference, area, 
length of arc, and the area of sector of a circle 


# Relations and Functions 


— Graphs of Functions and Relations 


defining function, inverse of a function, and inverse function 
of a function 

identifying the relationship between the graph of y = f(x) and 
the graphs of 


i) y = kf) iv) y = f(mx) 
ii) y =f(x) +b v) y = kf (m({x - a)) 
iii) y = f(x - a) Va Vee=ah OC) 


identifying the relationship between the graphs of y = f(x) and 
y = g(x), and the graphs of y = f(x) + g(x) and y = f(x) - g(x) 
defining the f(g(x)) and determining the composite of two 
given functions 


— Trigonometric Functions 


defining the trigonometric functions y = sin x, y = cos x, 

y = tan x, y = csc x, y = Sec x, and y = cot x; sketching their 
graphs and identifying features such as range, periodicity, 
domain, and amplitude 

relating the graphs of y = sin x and y = cos x to the graphs of 


i) y=ksinx, y =k cosx 

li) y = sin mx, y = cos mx 

iii) y = sin (x - a), y = cos (x - a) 

iv) y=ksin m(x- a), y =k cos m(x - a) 

v) y=ksin m(x- a) +b, y =k cos m(x- a) +b 


e identifying the amplitude, periodicity, and phase shift for 
y = k sin m(x - a) and y = k cos m(x - a) 


— Applications of Trigonometric Functions 


e relating the definitions of the trigonometric functions to right 
triangles; solving problems involving right triangles 

¢ proving simple identities involving trigonometric functions 
and the quotient, reciprocal, and Pythagorean relations 

° proving the sine and cosine laws; solving problems involving 
oblique triangles 

¢ solving trigonometric equations within a specified domain 


— Exponential and Logarithmic Functions 


e defining a“ where x is a rational number 

e drawing graphs of y = a* 

e defining the logarithmic function y = log,x; identifying the 
domain of the function 

e converting equations from exponential to logarithmic form and 
from Joganitnie to exponential form, such as 
y = a’ to y = log,x 

e proving the laws of logarithms 

e solving problems involving PAGO CE! and logarithmic 
functions 

e determining the term of an investment or loan at compound 
interest; determining the rate of interest, given the principal, 
the amount, and the time 


— Graphs of Second-Degree Relations 


e cliente and identifying graphs of functions defined by 
y = ax’; identifying such a graph as a parabola 

e identifying ee SETS inte tstoye mapping the graph of a circle 
defined by x’ + y’ =r’ to a graph defined by 
(x- a) +(y-by=r 

e identifying the transformation mapping the aaa of a circle 


defined by x’? + y? = 1 to a graph defined by : ‘ (zy = 1; 
identifying such a graph as an ellipse 

e defining and identifying terms such as major axis, minor axis, 
and vertices for an ellipse 

e sketching the graph of x’ - y’ = 1; identifying the graph as a 
rectangular hyperbola 


e identifying the transformation mapping the graph defined by 


x - y? = 1 to a graph defined by (2]- (2) = 1; identifying 
such a graph as a hyperbola 


= Algebraic Operations 
— Polynomials and Equations 


e factoring polynomials of the form ax’ + bx + c, 
a’x? - b*y”, a’x’ + 2abxy - b’y’; factoring by grouping 

e dividing a polynomial by a binomial 

e stating and using the remainder theorem and the factor 
theorem 

e factoring the sum and difference of cubes 

e solving quadratic equations by factoring and formula 

e solving polynomial equations of degree n where n > 2 


— Absolute Value 


e defining absolute value 
e solving equations and inequalities involving one variable in 
which absolute value appears once 


— Radicals 


e interpreting and evaluating powers with integral bases and 
rational exponents 


e defining jx? and \%° as principal roots 


The following three categories were used to classify questions according 
to the level of thought required: 


= recognition/recall and comprehension: the recognition or recall of a 
definition, concept, formula, or algorithm; or the use of a concept, 
formula, or algorithm in a routine way requiring little analysis 

= application: the use of a concept, formula, or algorithm in a problem 
requiring some analysis 

= analysis/proof: the solving of a routine problem which requires 
significant analysis and/or a proof, or the solving of a non-routine 
problem which requires the choice of a strategy in addition to 
analysis 


Grade 12 (advanced level) mathematics is designed for students who 
have an intrinsic interest in mathematics and the ability to work with 
abstract ideas. Students are expected to use appropriate mathematical 
symbolism in a precise, unambiguous, and concise way. They should 
develop and confirm generalizations. 


3.2 Development and Administration of Instruments 


The assessment booklets and questionnaires used in the provincial 
review of mathematics for Grade 12 (advanced level) were developed by 
a team of educational experts in the subject of mathematics who 
collaborated in selecting the areas to be examined and composing the 
individual questions. Once the booklets were completed, they were 
presented to an independent panel of consultants, who evaluated their 
overall validity; that is, the consultants determined whether the 
questions evaluated students’ skills in mathematics at the appropriate 
level — Grade 12 (advanced level) — in the designated areas. Following 
the meeting of the evaluation panel, the questions were pilot-tested to 
ensure that they were appropriate for Grade 12 (advanced level) 
students and free of flaws. 


The Student Assessment Booklets were distributed to participating 
schools for administration in May 1990. The four different booklets 
were randomly distributed to students in each class so that 
approximately equal numbers of students within each class would be 
responding to each booklet. Although a time estimate for completion of 
the booklets was given, teachers were advised to allow students 
sufficient time to answer all questions. Students were excluded from 
the assessment only if they were enrolled in an English-as-a-second- 
language or a special-education program. 


Questionnaires were answered by principals, teachers, and students 
during April 1990. Each student also answered one process problem at 
the same time that the Student Questionnaire was completed. Four 
different problems were randomly distributed to students in each class. 


Students’ answers to questions requiring a written response were 
marked by their classroom teachers. The scoring guide for these 
questions is given in Mathematics, Grade 12 (Advanced Level): Review 
Instruments. 


3.3 Interpretation of Results 


An interpretation panel consisting of teachers, administrators, university 
professors, trustees, and parents reviewed the test questions and results 
to establish standards and make judgements about student achievement. 
Panel members are listed in Appendix G. 


Establishing Standards 


The first task of the panel was to decide what constituted acceptable 
and desirable levels of performance on the test questions. This 
determination was based on the members’ familiarity with skill levels of 
Grade 12 (advanced level) mathematics students and with the Ontario 
curriculum. When setting these standards, the panel members had no 
knowledge of students’ actual performance levels in responding to the 
test questions. 


To establish these standards, panel members reviewed each of the test 
questions prior to the tabulation of the results. Members were then 
asked to determine for each question the percentage of correct answers 
that would constitute (a) an acceptable level of performance and (b) a 
desirable level of performance. Acceptable performance was defined as 
the level of achievement below which a real weakness was indicated. 
Desirable performance was defined as a higher level of achievement that 
would indicate a strength. The desirable level was not to be considered 
an ideal level of achievement. 


The panel carried out its task in three stages. 


= Stage 1: Each panel member was instructed to set acceptable and 
desirable levels of performance for all questions in the assessment 
booklets and for the four process problems. 


= Stage 2: Panel members met in small groups to compare their 
individual ratings, discuss their rationales for them, and arrive at a 
small-group consensus on the levels of performance for each 
question. 


= Stage 3: Once the small groups had arrived at a group consensus, 
panel members met as one large group. The small-group ratings were 
shared, and a large-group consensus for acceptable and desirable 
levels of performance for all questions was established. 
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This process determined the standards by which assessment outcomes 
could be judged and rated. 


Making Judgements 


The mandate of the panel at the second phase of the interpretation 
process was to create overall ratings of student achievement by 
examining the standards established during the first phase and the 
scores achieved by students on each of the questions in the Student 
Assessment Booklets. For each question, overall student achievement 
was rated on the following scale: 


5 — superior: This level indicated outstanding student 
performance, showing a definite strength in the 
program. 

4 — strong: This level indicated strong student performance 


and is to be expected if the program has been 
implemented effectively. 


3 — satisfactory: This level indicated acceptable student performance 
and is to be expected if the program has been 
implemented adequately. 


2-—marginal: This level indicated student performance that is 
slightly less than satisfactory, and points out an 
area of the program that needs improvement but is 
not a major weakness. 


1 — weak: This level indicated student performance that is 
definitely unsatisfactory, and points out a major 
weakness in the program. 


To establish ratings on the five-point scale, the panellists examined each 
question, the percentage correct on that question, and the acceptable and 
desirable levels set during the first phase. Once again, a multistage 
process was used to arrive at a group consensus. 


= Stage 1: Each panellist assigned a performance rating to each 
question in the assessment booklets. 


= Stage 2: The panellists met in small groups to share and discuss 


their individual ratings and to arrive at a small-group consensus on 
the rating for each question. 
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= Stage 3: Once the small groups had arrived at a consensus for the 
ratings on all questions, they met as a large group to arrive at a 
whole-group consensus for each question. 


= Stage 4: Following the discussion and establishment of consensus 
on each question, the whole group was presented with the 
distribution of question ratings within each of the curriculum areas 
examined. On the basis of this distribution, the whole group arrived 
at a single descriptor of student performance for each curriculum 
area. 


The panel generated considerable discussion and debate before a 
consensus emerged. This discussion assisted in identifying the strengths 
and weaknesses discussed in "8. Student Achievement". 


3.4 Provincial Review Participants 


Reviews of mathematics were conducted in both English and French 
schools. Two different groups were involved in the review: those 
chosen to constitute the provincial sample and those who opted to 
participate in board reviews. The present report pertains only to the 
English-language provincial sample. The results of the French review 
may be found in Les mathématiques, 12° année (niveau avancé) : rapport a 
l’intention des éducateurs et des éducatrices. 


A sample of 99 schools was randomly selected from the entire 
population of English-language schools in Ontario offering mathematics 
at the advanced level in Grade 12. The data collected from this sample 
are representative of the entire Grade 12 population taking advanced- 
level mathematics. Students taking mathematics in the first semester, 
students in English-as-a-second-language programs, and students 
identified as exceptional by an Identification, Placement, and Review 
Committee did not participate. The number of respondents for each 
instrument is shown in Table 1. For Student Assessment Booklets, the 
number of respondents represents the total number of students for all 
booklets. Since some students answered more than one booklet, this 
number does not equal that for booklets reported in Appendix D. 
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Table 1 
Number of Respondents 


Instrument Respondents 
Principal Questionnaire 97 
Teacher Questionnaire 175 
Opportunity-to-Learn Form IVA 
Student Questionnaire 4851 
Student Assessment Booklets 4529 
Process Problems 4821 


Response rates were 98 per cent for the Principal Questionnaire and 99 
and 97 per cent for the Teacher Questionnaire and the Opportunity-to- 
Learn Form, respectively. Based on September enrolments, the response 
rates for student materials were 77 per cent for the Student 
Questionnaire and Process Problems, and 72 per cent for the Student 
Assessment Booklets. 


3.5 Board Review Participants 


Forty-eight school boards carried out their own local reviews, using the 
questionnaires and test booklets created for the provincial review. The 
board reviews involved all schools offering mathematics at the 
advanced level under the jurisdiction of the participating boards. 
School boards had the option of including exceptional students and 
students in ESL programs. The board results do not form part of the 
information provided in this report. 


Every school participating in a board review or in the provincial sample 


was provided with its own results. Board results were provided to 
those boards that conducted board reviews. 
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4. Principal Questionnaire 


A profile of the school environments in which Grade 12 mathematics is 
taught at the advanced level in Ontario can be derived from the 
information collected by the Principal Questionnaire. The location of 
the school, and the leadership, the quality of staff, and the use and 
deployment of resources within it, combine to define the educational 
framework within which the school operates. The complete Principal 
Questionnaire and the responses to each question are presented in 
Appendix A. 


4.1 Enrolment 


The average enrolment in the schools which formed the sample for the 
review was 991. Thirteen per cent of the schools had an enrolment of 
fewer than 600 students; 10 per cent had 1500 or more students. The 
average enrolment in Grade 12 mathematics at all levels was 164 
students. The average enrolment in Grade 12 mathematics at the 
advanced level was 104 students. For schools in the sample, 65 per cent 
of the Grade 12 mathematics students were at the advanced level. For 
the province as a whole, this percentage would be considerably lower 
because schools offering only basic or general programs were not part of 
the sample. 


4.2 The Location of School and Structure of Program 


Seventy-one per cent of the schools served urban or suburban areas, 
25 per cent served rural areas, and 4 per cent served an isolated area. 


The average number of hours of mathematics instruction reported was 
114 per year. Eighty-four per cent of principals reported an allocation 
of 110 to 119 hours to mathematics instruction and 15 per cent reported 
120 or more hours. 


Most of the mathematics courses in Grade 12 (advanced level) 

were semestered (77 per cent). Twenty-nine per cent of the schools 
offered Immersion or Extended French programs. Seven per cent of the 
schools offering these programs taught Grade 12 (advanced level) 
mathematics in French. 
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4.3 Frequency of Staff Meetings on Mathematics 


The highest percentage of principals (40 per cent) reported that teachers 
met once every month or every second month to discuss mathematics 
programs. Twenty-three per cent reported that meetings were held once 


every two or three weeks, and 33 per cent reported that meetings were 
held once a week. 


4.4 Use of Planning Documents 


Approximately 90 per cent of principals reported that "a lot" of 
emphasis was placed on Ministry of Education guidelines and on 
school-level planning documents for planning the mathematics program. 
Thirty-one per cent said that no emphasis was placed on board 
documents. 


4.5 Reviews of Mathematics Programs 


Fifty-nine per cent of principals reported that their school boards had a 
procedure for regularly reviewing mathematics programs. A higher 
percentage (88 per cent) reported that their schools had a regular 
procedure. Seventy-one per cent said that a review had occurred in the 
previous school year (1988-89), and 16 per cent said there had been a 
review in the previous two to four years. These findings suggest that 
reviews are held on a frequent basis. 


The primary emphasis in the reviews was on evaluation practices and 
planning documents, although teaching practices and resources received 
much attention. Student achievement measures were employed in 41 
per cent of the mathematics reviews. 


Principals reported that the major focus of change resulting from 
reviews was sequence and timing of programs (89 per cent reported a 
change). Changes in teaching strategies, teaching objectives, and 
student evaluation practices were also reported by approximately 70 per 
cent of principals. 
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4.6 Professional Development 


Most principals reported that teachers engaged in professional 
development through professional reading, conferences, and 
seminars/workshops. Fifty-two per cent of principals said that teachers 
visited other classrooms, and approximately 40 per cent said that 
teachers took credit courses and used peer coaching/job shadowing for 
professional development. 
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5. Teacher Questionnaire 


The Teacher Questionnaire and the responses to each question are 
presented in Appendix B. Teachers were asked background questions 


and questions about teaching methods, resources, and evaluation 
strategies. 


5.1 Characteristics and Educational Background 


A majority of teachers of Grade 12 (advanced level) mathematics 
teachers were male (69 per cent). Many had eleven or more years of 
teaching experience (80 per cent); 1 per cent had one year, 10 per cent 
had two to five years, and 9 per cent had six to ten years. Most of this 
experience was gained in secondary school: 93 per cent of teachers had 
not taught in elementary school. Seventy-seven per cent of teachers had 
eleven or more years of experience teaching secondary school, while 22 
per cent had two to ten years of such experience. 


Most teachers (92 per cent) had received some instruction in 
mathematics methods as part of their education, and 40 per cent had 
taken two or more full courses in mathematics methods. Eighty-six per 
cent of teachers reported taking five or more full-year university courses 
in mathematics. 


Forty-two per cent of teachers reported taking one course in 
measurement and evaluation or testing as part of their teacher training 
and/or graduate program. A high number (38 per cent) reported 
having taken no such course. More than half of the teachers (59 per 
cent) had not had training in the use of computers to teach mathematics. 


5.2 Importance of Mathematics Topics 


Teachers were asked to rate the importance of instruction of selected 
topics in mathematics. The percentage of teachers rating each topic as 
"important" or "very important" is presented in Figure 1. Most topics 
were rated as "important" or "very important" by more than 90 per cent 
of teachers. The topics receiving the lowest ratings were absolute value 
and radicals, which were rated as "important" or "very important" by 83 
per cent and 81 per cent of teachers, respectively. 
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Figure 1 
Relative Importance of Selected Mathematics Topics 


Percentage of teachers rating each topic as “important” 
or "very important" 


Congruence and paraleisn i 387% 
Similar figues i 91% 
The circle i so 
Graphs of functions and relations <i 90% 
Trigonometric functions i 99% 
Applications of trigonometric functions _ A 95° 
Exponential and logarithmic functions <i 95% 
Graphs of second-degree relations i 95% 
Polynomials and equations a 99% 
Absolute value x 33% 
Radicals ER 31% 
Problem solving i 09% 
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Percentages reported in the graph are based on raw data collected from the Teacher 
Questionnaire and may vary from the data summary reported for question 8 in Appendix 
B because of rounding. 


5.3 Problem Solving 


The average percentage of time devoted to the problem-solving process 
by teachers was 30 per cent. Teachers overwhelmingly (95 per cent) 
regarded problem solving as a component to be integrated into the 
mathematics program throughout the year, rather than as something to 
be taught as a separate unit. In teaching problem solving, they tried to 
provide students with a systematic approach (96 per cent) and to teach 
specific strategies (93 per cent). Eighty-nine per cent of teachers also 
encouraged students to develop their own strategies. Ninety-five per 
cent of teachers had students discuss their solutions with each other, 
and approximately 70 per cent had students write up their solutions or 
results and present them to the teacher or report their results to the 
whole class. 
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5.4 Homework 


Thirty-nine per cent of teachers reported that their students would take 
two to three hours per week to complete mathematics homework. 


Twenty-nine per cent of teachers reported that the students would take 
three hours or more. 


5.5 Use of Calculators and Computers 


Approximately half (46 per cent) of the teachers reported that students 
had access to computers for mathematics. In the classrooms where 
computers were used, 57 per cent of teachers reported that less than 

4 per cent of class time was given to having students use computers. 
When computers were available, teachers most frequently encouraged 
students to practise new concepts, to learn concepts and skills, and as an 
aid in doing projects. Computers were never used for tests. 


Teachers reported that calculators were used often in mathematics 
classes, that is, during every or almost every class (75 per cent), or 
occasionally, that is, during about half of the lessons (20 per cent). 
Teachers encouraged students to use calculators during tests (94 per 
cent), to check answers to exercises (91 per cent), and as an aid in doing 
projects (82 per cent). This last category is interesting; on the Student 
Questionnaire, very few students reported doing projects in 
mathematics. 


5.6 Instructional Materials 


The two resources used most frequently by teachers in preparing 
lessons were textbooks (74 per cent reported "a lot") and materials 
prepared by themselves or other teachers in the school (66 per cent 
reported "a lot"). The Ministry of Education guideline received 
moderately high emphasis (58 per cent reported "a lot"). Approximately 
two-thirds of the teachers gave "some" emphasis to the use of 
suggestions from students, journals or other teacher reference books, 
and materials from in-service activities. 
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Textbooks, dot paper/grid paper, geometry sets, and blackline masters 
were the most readily accessible materials for teachers. Teachers 
emphasized textbooks most heavily in their instruction, followed by dot 
paper/grid paper, geometry sets, and blackline masters. Approximately 
60 per cent of teachers said that they placed no emphasis on student- 
generated materials or on commercially produced audio-visual 
materials. The percentage of teachers who reported placing "some" or "a 
lot" of emphasis on each resource is presented in Figure 2. 


Figure 2 
Emphasis Placed on Resources for Teaching Mathematics 


Percentage of teachers who placed “some” 
or "a lot” of emphasis on each resource 


Blackline masters (photocopy masters) i 76% 
Commercially produced audio-visual materials [xR 41% 
Dot paper/grid paper a 04% 
Pattern blocks and geometric solids [XM 54% 
Geometry set 83% 
Student-generated materials [RM 30% 
Texttooss is 99% 
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Percentages reported in the graph are based on raw data collected from the Teacher 
Questionnaire and may vary from the data summary reported for question 18 in Appendix 
B because of rounding. 


5.7 Teaching Methods 


On average, teachers reported that they used a chalkboard and/or 
projector 57 per cent of the time. On average, teachers had students 
working individually for 25 per cent.of the time. Teacher 
demonstrations with concrete materials were used to a lesser extent (an 
average of 8 per cent of the time.) 


Thirty-three per cent of teachers reported that students worked in 


groups 10 to 19 per cent of the time, and 21 per cent reported that 
students worked in groups 20 to 29 per cent of the time. 
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5.8 Evaluation 


Teachers were asked what percentage of students’ marks was 
determined through the use of various evaluation tools, including 
quizzes or short tests, cumulative or end-of-unit tests, formal 
examinations, observation of student behaviour, peer/self-evaluation, 
and projects and assignments. Cumulative or end-of-unit tests seemed 
to bear the most weight, along with formal examinations. Together, 
they constituted approximately 80 per cent of the final mark. 
Observation of student behaviour does play a part in evaluation, as does 
peer /self-evaluation, although these tools carry less weight. On 
average, quizzes determined 11 per cent of a student’s mark, and 
projects and assignments 6 per cent. 
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6. Student Questionnaire 


The Student Questionnaire and the student responses to each question 
are presented in Appendix C. Students were asked a series of questions 
to determine their attitudes towards or enjoyment of various types of 
mathematics questions, followed by questions on classroom procedures; 
on the significance of mathematics to their lives, both in and out of 
school; and on ways in which they deal with mathematics problems that 
they do not initially understand. 


6.1 Background Characteristics 


The sample surveyed included a somewhat larger number of males 

(52 per cent) than females (48 per cent). Sixty-five per cent of all 
mathematics students in the Grade 12 sample schools were studying 
mathematics at the advanced level, as reported in the Principal 
Questionnaire. The actual percentage for the province would be lower 
because schools that do not offer mathematics at the advanced level 
were not part of the sample. Sixty-four per cent of students sampled 
were born in 1972, 20 per cent in 1973, and 14 per cent in 1971 or 
before. A high percentage (86 per cent) of students declared English to 
be the language of the home. 


6.2 Mathematics Activities Outside School 


As shown in Figure 3, most of the Grade 12 students in mathematics at 
the advanced level reported doing either more than two hours of 
mathematics homework each week (37 per cent) or one to two hours per 
week (36 per cent). Twenty-two per cent did less than one hour per 
week. 
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Figure 3 
Amount of Mathematics Homework Done Each Week 


Less than 1 hour 


1 to 2 hours $250 


36% 


None 
5% 


More than 2 hours 
37% 


Students reported spending nearly as much time watching television in 
one day as they did doing mathematics homework in one week. Thirty- 
seven per cent reported watching for one to two hours per day, and 28 
per cent reported watching for more than two hours per day. 


When mathematics is done at home, 24 per cent of students reported 
receiving occasional help from a family member. Seventy-two per cent 
of students reported that never, or almost never, did they receive help 
from a family member. This finding relates to a question, posed later in 
the questionnaire, in which students were asked whether they would 
wait and ask someone at home if they did not understand a 
mathematics problem. Seventy-three per cent said they would never 
wait, and 23 per cent said they would sometimes wait. This finding 
suggests that students do not regard or use family members as a main 
resource for mathematics problem solving or reinforcement. Mathe- 
matics activities related to the school program appear to be tied to the 
school day. 
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6.3 Student Attitudes Towards Topics in Mathematics 


Students were asked whether they liked doing questions dealing with 
twelve specific mathematics topics. The percentage of students who 
said they liked doing questions in a specific topic is given in Figure 4. 
The majority of students liked doing questions that deal with 
congruence and parallelism, trigonometric functions, factor theorem and 
solving polynomial equations, absolute value, and problem solving. The 
topics with the highest response of "We do not do these kinds of 
questions" were exponential and logarithmic functions and graphs of 
second-degree relations. 


Figure 4 
Percentage of Students Who Like Each of Twelve Topics 
in Mathematics 


Congruence and parallelism [RR 51% 

Similar figures [x 49% 

The circle a 48% 

Using transformations [x 46% 
Trigonometric functions (RRR 55% 

Applications of trigonometry (a 48% 

Exponential and logarithmic functions [ER 338% 
Graphs of second-degree relations [i 26% 
Factor theorem and solving polynomial equations a 72% 

Absolute value a «c0% 

Radicals [a 47% 

Problem solving [IRM 52% 
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6.4 What Happens in Mathematics Classes 


Students were asked about teaching procedures and student activities in 
the classroom. Student responses indicate that class time seems to be 
devoted primarily to presentations to the whole class as a group and 
work performed by the individual student. Seventy per cent said that 
they did mathematics on their own in class almost every day. Most 
students (77 per cent) said that they used a scientific calculator almost 
every day. Eighty-six per cent of students said that they never used a 
computer. Details of responses to questions about classroom activities 
are provided in Table 2. 


Table 2 
Percentage of Students Reporting Frequencies of 
Classroom Activities in Mathematics 


Percentage of Students 


Almost Once a week Only once 


every day or so inawhile Never 

How often do you do mathematics at the 

board or on the overhead projector? 27. 11 31 31 
How often is mathematics presented to 

the whole class as a group? 91 Ps 3 3 
How often do you do mathematics in 

small groups? 9 8 31 52 
How often do you do mathematics on your 

own in class? 70 12 15 4 
How often do you do projects on 

mathematics topics? 1 3 30 67 
How often do you do projects in other subjects 

that involve the use of mathematics? 11 14 53 22 
How often do you write tests or quizzes 

in mathematics? 3 67 29 0 
How often do you use a scientific 

calculator to do mathematics in class? 77 13 9 2 
How often do you use a computer to do 

mathematics in class? 1 1 11 86 


More than a third of the students said that they worked at the board or 
on the overhead projector at least once a week or almost every day. 


Doing mathematics in small groups did not seem to be a preferred 
approach. Fifty-two per cent of students responded that they never 
worked in this way; 31 per cent responded that they worked in this way 
once in a while. Projects in mathematics were also rare; 67 per cent of 
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students reported never doing projects and 30 per cent reported doing 
projects only once in a while. There was little overlap between Grade 
12 (advanced level) mathematics and other subjects, as 53 per cent of 
students reported working on projects involving mathematics in other 
subjects only once in a while and 22 per cent said they never did such 
projects. However, 25 per cent reported working on such projects 
almost every day or once a week. 


A majority of students (67 per cent) reported writing tests or quizzes 
once a week or so; 29 per cent reported doing them only once in a 
while. 


6.5 Use of Calculators and Computers 


Most students (77 per cent) reported using a scientific calculator to do 
mathematics in class almost every day, and an even higher percentage 
(81 per cent) reported using calculators at home. Whereas calculators 
are well established as an aid in Grade 12 (advanced level) mathematics, 
computers are not. Most students (86 per cent) reported that they never 
used a computer to do mathematics in class. Fifty-six per cent of 
students reported that they had a computer at home, but only 4 per cent 
reported using the computer for mathematics school work. 


6.6 How Students Feel About Mathematics 


Students’ perceptions of the significance of mathematics both inside and 
outside the classroom and students’ attitudes towards mathematics were 
the focus of a series of questions. Most students (93 per cent) agreed 
that mathematics was for everyone equally, although a small group (5 
per cent) thought it was more for males than females and another small 
group (1 per cent) believed the reverse. Most students (73 per cent) 
thought that mathematics helped them outside of school. Fewer than 
half of the students (37 per cent) felt that learning mathematics involves 
mostly memorizing, and a high number (78 per cent) felt that 
knowledge of mathematics was important in order to get a good job. 


Seventy-one per cent of students agreed or strongly agreed that they 
liked mathematics. Approximately half of the students thought that 
they were good at mathematics, and 33 per cent thought that 
mathematics was difficult. Student responses to the attitude statements 
are presented in Table 3. 
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Table 3 
Student Responses to Specific Attitudes 
Towards Mathematics 


Percentage of Students 
SA A NS D SD* 


I like mathematics. 19 42 18 14 6 
Mathematics helps me outside of school. 22 51 14 11 z 
Learning mathematics is mostly memorizing. 7 30 13 41 9 
I am good at mathematics. 11 40 25 17 6 
It is important to know mathematics in 

order to get a good job. 36 42 at !) 2 
Mathematics is difficult for me. 9 24 19 36 12 
When I do problems in mathematics, I usually have 

trouble understanding what the sentences say. 5 18 18 46 13 
There are usually different ways to solve 

mathematical problems. 28 62 8 7 0 


*SA = Strongly Agree; A = Agree; NS = Not Sure; D = Disagree; SD = Strongly Disagree 


Student attitudes towards mathematics differed in some respects, 
according to gender. Results by gender are shown in Figure 5. A larger 
percentage of male students said that they were good at mathematics. 

A higher percentage of female students reported that mathematics was 
difficult for them. A slightly larger percentage of male students than 
female students said that they liked mathematics. 
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Figure 5 
Gender Differences in Student Attitudes Towards Mathematics 
Females 


| like mathematics. 59% 


70% 


Mathematics helps me outside of school. 


Learning mathematics is mostly memorizing. 34% 


| am good at mathematics. 45% 


It is important to know mathematics 


in order to get a good job. 76% 


Mathematics is difficult for me. 40% 


When | do problems in mathematics, | usually 


have trouble understanding what the sentences say. 28% 


There are usually different ways 


to solve mathematical problems. 89% 
a 
Strongly 
Males Agree 
| like mathematics. 64% 
Mathematics helps me outside of school. 15% ote 
Learning mathematics is mostly memorizing. 40% 
| am good at mathematics. 57% 
It is important to know mathemati 
p athematics 80% 


in order to get a good job. 
Mathematics is difficult for me. 


When | do problems in mathematics, | usually 
have trouble understanding what the sentences say. 


There are usually different ways 
to solve mathematical problems. 
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The percentage of students selecting strongly agree and agree in 
response to these opinion statements, by gender, is given Table 4. 


Table 4 
Student Responses to Attitude Statements by Gender 


Percentage of Students 


Female Male 
SA A S Ame 
I like mathematics. 18 41 21 43 
Mathematics helps me outside of school. TOS Zou ay 
Learning mathematics is mostly memorizing. 6 28 edie eel 
I am good at mathematics. 7 38 Tog a2 
It is important to know mathematics in 
order to get a good job. 32 44 40 40 
Mathematics is difficult for me. LVL Bas: OF p21 
When I do problems in mathematics, I usually have 
trouble understanding what the sentences say. 7 21 445 116 
There are usually different ways to solve 
mathematical problems. 20 yy 04 31 59 


*SA = Strongly Agree; A = Agree 


6.7 Solving Mathematics Problems 


There were two statements on problem solving among the attitude 
statements reported in Tables 3 and 4 and Figure 5. Fewer than half of 
the students said that they had trouble understanding the sentences 
used to present problems. Most students (90 per cent) recognized that 
there are usually different ways to solve mathematical problems. 


Table 5 tabulates the percentage of responses of students to a series of 
questions on how they dealt with problems that they did not 
understand. Most students (94 per cent) reported that they sometimes 
or often sought help from other students or tried to solve such problems 
on their own. Eighty-nine per cent said that they asked the teacher for 
help. 


A fairly high percentage of students (65 per cent) reported that they 
sometimes gave up on problems, although 25 per cent said that they 
never did. Few students sought help at home. This finding is to be 
expected as most parents would not be able to do mathematics at this 


advanced level. 
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Figure 5 
Specific Methods of Dealing With 
Difficult Mathematics Problems 


Percentage of Students 


When you don’t understand a SME SINGH IS e08 


problem in mathematics, do you: 


Try different ways to solve it on your own? 40 54 ©) 
Ask another student for help? 38 56 6 
Ask your teacher for help? oe 67 1 
Wait and ask someone at home? 4 25 73 
Just give up? 2 65 23 
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7. Planning Documents 


As part of the assessment of the intended curriculum for the Grade 12 
(advanced level) mathematics program, courses of study were collected 
from all schools and boards involved in the provincial sample. These 
documents were then analysed by a document analysis team of teachers. 
The purpose of this analysis was to describe what planning documents 
teachers of Grade 12 (advanced level) mathematics refer to in preparing 
their daily lesson plans. 


The courses of study that were analysed varied widely in both depth 
and detail. Some were developed for system-wide use in all schools 
within a board; others were developed by teachers and/or department 
heads at a school for use in their own classes. Generally, it was found 
that, if the course of study had been developed at the board or system 
level, it was more likely to contain a statement of philosophy, a 
rationale, and a set of goals; if it had been developed by a teacher for 
only that teacher’s use, it was more likely to be a functional document 
consisting of a list of required teaching topics, with an emphasis on 
knowledge and skills. 


In some instances, partial documents were sent in for analysis. For 
example, a curriculum document on senior mathematics that included 
courses of study for all levels and grades in the senior division would 
have been disassembled and the Grade 12 (advanced level) section 
submitted separately for analysis. In such a case, the document analysis 
team was unable to determine whether sections of the document that 
had been omitted, or its introduction, might have included general 
information on the teaching of mathematics, evaluation of the program, 
goals of the senior mathematics program, and so on. Furthermore, 
special documents on evaluation produced by some boards were not 
submitted because they were not part of the Grade 12 (advanced level) 
mathematics course of study. Because of these anomalies, the data 
gathered from the planning documents should be interpreted broadly. 
Appendix F contains a detailed summary of the data compiled by the 
document analysis team. 
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7.1. Type of Document 


Documents were of two types: board level (produced by school boards 
and designed to be used in all Grade 12 [advanced level] mathematics 
classes), and school level (produced in a school for use in only that 
school). Of the Grade 12 courses of study analysed, nineteen were 
board level and ninety-six were school level. 


7.2 Rationale/Objectives 


Half of the school-level courses of study contained a statement of 
philosophy or rationale. Seventy-nine per cent of the board-level 
documents included such a statement. Specific objectives of the Grade 
12 (advanced level) mathematics program were included more 
frequently: in 73 per cent of school-level documents and 84 per cent of 
board-level documents. 


The analysis team looked for three types of objectives: skills, 
knowledge, and attitudes. Skills and knowledge objectives were 
included in almost all Grade 12 courses of study; attitudinal objectives 
in fewer cases. For example, 90 per cent of board-level documents listed 
objectives for skills and 100 per cent for knowledge, while only 21 per 
cent listed attitudinal objectives. 


7.3 Content Areas 


All the documents included in this analysis were based upon the 
curriculum guideline Mathematics: Intermediate and Senior Divisions, 1985. 
Part Three: Grades 11 and 12, Advanced Level. The guideline lists both 
compulsory and optional topics. For the most part, board and school 
documents included all the compulsory topics. Approximately half of 
the documents listed the optional topics. 


Table 6 lists the compulsory and optional topics from the guideline. It 


shows, for each category, the percentage of documents that included the 
topic listed. 
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Table 6 
Percentage of School- and Board-Level Documents 
Dealing With Guideline Topics 


School-level Board-level 

Guideline topics documents documents 
Geometry 

Congruence and parallelism 96 100 

Similar figures 96 100 

The circle By 100 
Relations and Functions 

Graphing functions and relations oF, 100 

Trigonometric functions 99 100 

Applications of trig functions 99 100 

Exponential and log functions ee) 100 

Graphs of second-degree relations we) 100 
Algebraic Operations 

Polynomials and equations De 100 

Absolute value 96 95 

Radicals ou 90 
Statistics 

Dispersion (optional) 23 38) 

Correlation (optional) 23 47 


7.4 Teaching Methods 


The majority of board-level documents included some suggestions on 
teaching methods: they provided specific instructional techniques, 
learning strategies, lesson plans, sample tasks for students, and various 
teaching approaches to Grade 12 (advanced level) mathematics. 
Instructional methods or teaching strategies were included in 68 per 
cent of board-level documents and 40 per cent of school-level 
documents. 
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7.5 Calculators and Computers 


By the time students have reached Grade 12, use of the calculator for 
mathematics is virtually universal. Mentioning it in a course of study 
might therefore seem unnecessary. Use of the calculator, however, was 
specifically indicated in 32 per cent of board-level documents and 25 per 
cent of school-level documents. While students have access to 
computers in most schools in Ontario, student use of them is quite low, 
according to the Student Questionnaire. Courses of study discuss 
computer use in 21 per cent of board-level documents and 14 per cent 
of school-level documents 


7.6 Evaluation Practices 


Many boards in Ontario have produced documents dealing specifically 
with evaluation. Even so, many of the planning documents included 
additional information for teachers about evaluation related to the 
Grade 12 (advanced level) mathematics program. Where evaluation was 
included in the document, the traditional modes of evaluation, such as 
unit tests, post-tests, examinations, essays, and projects, were most often 
stressed. Observation of student attitude and student performance was, 
nevertheless, included in 60 per cent of the school-level courses of 
study. 


7./ Conclusion 


An analysis of the planning documents for Grade 12 (advanced level) at 
the school and board levels reveals that boards have historically 
invested enormous amounts of energy and resources into curriculum 
development. It also shows that Grade 12 (advanced level) mathematics 
teachers do move towards newer teaching and evaluation methods, but 
do so cautiously, and without giving up the more traditional methods. 
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8. Student Achievement 


A number of instruments were used to determine whether or not 
Students were achieving the goals of the Grade 12 (advanced level) 
mathematics program. They included multiple-choice questions, 
questions requiring short answers, and problems requiring extended 
responses. Students were allowed to use calculators while working on 
the questions. The following areas of the curriculum were covered by 
the instruments: geometry, relations and functions, algebraic operations, 
and process problems. The questions measured students’ ability to 
recall, understand, and apply mathematical facts, skills, and concepts; to 
analyse problems; and to select and carry out a strategy to solve an 
unfamiliar problem. More detailed descriptions of the assessment 
instruments and curriculum areas are presented in "3. Description of the 
Measures and Samples for the Provincial Review". 


The results were reviewed by an interpretation panel, which rated 
student performance on the following five-point scale: 


5 — superior 

4 — strong 

3 — satisfactory 
2 — marginal 

1 — weak 


Student achievement for half the curriculum areas in Grade 12 
(advanced level) mathematics was rated as marginal or weak. Student 
performance was rated as strong only in the topic of similar figures. 
Polynomials and equations, congruence and parallelism, the circle, and 
radicals were topics for which student performance was rated as 
satisfactory. 


Some areas of concern, where improved performance would be 
desirable, were graphing functions and relations, trigonometric 
functions, applications of trigonometric functions, and exponential and 
logarithmic functions. The performance on the topic of graphs of 
second-degree relations was judged to be weak. 


Questions for each of the areas of the curriculum are presented in 
Appendix D, along with the percentage of students answering each 
question correctly and the ratings of the interpretation panel (Tables 
D-1 to D-12). The results for each curriculum area are summarized in 


Table D-15. 
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The four Student Assessment Booklets were randomly distributed 
within each class so that one-quarter of the students in the provincial 
sample answered each booklet. Since each student did not answer all 
questions, there is a degree of uncertainty associated with the provincial 
statistics (sampling error). The magnitude of this uncertainty for each 
curriculum area and for individual questions is specified in Appendix E 
in the form of confidence-band widths. For example, the confidence- 
band width associated with the mean percentage correct for geometry 
was + 0.6, and the reported mean percentage correct was 52.2. The 
confidence band for geometry was, therefore, 51.6 to 52.8 per cent. The 
mean percentage correct would fall within this range 95 per cent of the 
time if the review were repeated with a similar sample. 


In the presentation of results, achievement is reported as the average 
percentage correct for the questions on each topic. Ratings provided by 
the interpretation panel are also presented. Since the questions on one 
topic might be considerably more difficult than the questions on another 
topic, it is not advisable to compare the results on the different topics 
solely on the basis of average percentage correct. When the 
interpretation-panel members reviewed the results, they considered the 
difficulty of the question, their expectations of what Grade 12 (advanced 
level) mathematics students should be able to do, and the students’ 
actual achievement. On that basis, the panel rated strength and 
weakness. 


Table 7 indicates the percentage of questions within each area of the 
curriculum for which student performance was given a particular rating 
by the interpretation panel. For example, performance on 19 per cent of 
questions (five of twenty-seven) on geometry was rated as strong. The 
panel rated performance as satisfactory on 25 per cent of the relations 
and functions questions, and as marginal on 50 per cent of the algebra 
questions. Performance on one of four process problems was rated as 
superior. 
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Table 7 
Percentage of Questions Within Each Curriculum Area 
Receiving Each Panel Rating 


Percentage of Questions 


Relations 
and Algebraic Process 
Rating Geometry functions _ operations problems 
Superior 3 0 0 a8) 
Strong 19 6 6 0 
Satisfactory 41 25 Sf) 25 
Marginal 22 47 50 25 
Weak 15 23 au 25 


A summary of the average percentage correct for each curriculum area 
is presented in Figure 6. 


Figure 6 
Summary of Mathematics Achievement (Percentage Correct) by 
Curriculum Area 


Geometry [HQRURMM 52.2% 
Relations and functions [i 48.6% 
Algebraic operations [RM 57.2% 
Process problems [RM 47.2% 


[Le cl a 
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The panel ratings were: satisfactory for geometry, marginal for relations 
and functions, satisfactory for algebraic operations, and satisfactory for 
process problems. 


37 


The interpretation panel was of the opinion that the guideline for Grade 
12 (advanced level) mathematics needs to be revised to reduce the 
amount of content and to reflect modern technology. There is a need 
for more coherence in the course, and greater emphasis on the 
development of higher thinking skills. The members of the panel also 
suggested that the results of this review be considered in the context of 
the course’s being in the early stages of implementation. The panel 
recommended that future reviews give more emphasis to process 
components. 


The average percentage correct for male and female students is given in 
Figure 7. Achievement levels are slightly higher for male students than 
for female students for all topics. The enrolment in Grade 12 
mathematics at the advanced level was 48 per cent female and 52 per 
cent male. 


Figure 7 
Average Student Achievement for Each 
Curriculum Area by Gender 


Geometry 


Gender 


Mi CFemale 


Male 


Relations and functions 


Algebraic operations 


Process problems 


0 20 40 60 80 100 
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8.1 Geometry 


By the end of the Grade 12 (advanced level) mathematics, students are 
expected to solve numerical problems and prove simple deductions 
involving congruent triangles, parallel lines, similar figures, and circles. 
They should also be familiar with the features of indirect proof. The 
results for achievement in geometry are shown in Figures 8 and 9. 


Figure 8 
Student Achievement in Geometry by Topic 


Congruence and parallelism [x 47% 
Similar figures [63.6% 
The circle [RR 46.7% 


bore th be te th 


0 20 40 60 80 100 


The interpretation-panel ratings were: strong for similar figures, and 
satisfactory for the other two topics. 


Questions were classified according to the following cognitive levels 
(described in "3.1 The Instruments"): recognition or recall and 
comprehension, application, and analysis or proof. As there were only a 
few questions testing analysis or proof, achievement on these questions 
was combined with achievement on questions testing application. 


Figure 9 
Student Achievement in Geometry by Cognitive Level 


Recognition/recall and comprehension [xa 55.8% 
Application and analysis/proot [i 48.6% 


Le at bn tt 


0 20 40 60 80 100 
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Congruence and Parallelism 


There were ten questions on this topic, and the interpretation panel 
rated the results as satisfactory. The results on three of the questions 
were rated as strong, and on three as satisfactory. The results on two 
questions were rated as marginal, and on two as weak. The 
interpretation panel felt that question 9 did not test a guideline 
objective. 


Question 4 (reproduced below) was one of the questions for which 
performance was rated as strong. It tests students’ understanding of the 
properties of congruence. 
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Question 4 


Examine the triangle below: 


Student Responses 


P 
*86% A) 
5/62) 
Loan ©) 
5%  D) 
Q R 


A triangle which is congruent to APQR is: 
A) \ B) \/ 
C) D) 5 
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Students demonstrated an ability to use geometric properties to solve 
numerical problems. The performance on question 129 (reproduced 
below) was 67 per cent; this result was rated as satisfactory. 


Question 129 
POR is a secant to the circle below with centre O and PQ = OQ. 


The value of y is: 


R 
Q a as Student Responses 
Pp el 14% A) 40 


*67% B) 60 
127% Ge 30 
5% D) 140 
3% omit 


Questions 25 and 145 tested students’ ability to develop a geometric 
proof. The performance on question 25 (reproduced below) was rated 
as marginal and that on question 145 as weak. 
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gee as eee eee. 
Question 25 


Given AABC with BC produced to D. EC bisects ZACD and EC || AB. 


A E 


B G D 
Prove: AABC is isosceles. 


Student Responses 


31% Selects an appropriate strategy and produces a proof 
5% Selects an appropriate strategy, but makes a minor error 

16% Makes a major error or does not complete 

24% Shows little understanding 

24% omit 


The interpretation panel suggested that emphasis should continue to be 
given to having students develop convincing arguments in the form of 
proofs. 


Similar Figures 


There were nine questions on this topic and the overall rating by the 
interpretation panel was strong. The results were rated as superior for 
one question, strong for three questions, satisfactory for three questions, 
marginal for one question, and weak for one question. 
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Question 87 (reproduced below) was the question for which the 
performance was rated as superior. Ninety-two per cent of students 
gave the correct response. 


Question 87 


Examine quadrilateral PQRS: 


pe eariic Student Responses 
y 4% A) 
1%  B) 
ou) 

Q R 


3% D) 


Which quadrilateral is similar to PORS? 


B) 


A) ‘ 
6 
C) D) 
8 
6 
8 2 


fo) 


The student performance of 62 per cent correct for question 6 
(reproduced below) was rated as satisfactory. 


rr A ee ee ee ee ees 


Question 6 


During a course in orienteering, you have to determine the distance 
across a gorge. R is a rock on one edge of the gorge. You position 
markers P, Q, M, and N as shown in the diagram. 


GORGE 


If P and Q are on the edge of the gorge, then the distance PR across the 
gorge is: 


Student Responses 


390 aA) at 3.24.6. 
21 Yom uBR) o-65CmM. 
62% 2 Gs 30.0icm 
*9% D) 40.0 cm 

5% omit 


The performance on question 7 (reproduced below) was rated as weak. 
The difficulty that students had with this question is probably an 
indication of a weakness in algebra rather than in geometry. 
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Question 7 


In the diagram below, PR = 18, QR = 3, and SR = x. 


a . 
anne set x is equal to: 


Student Responses 
32% A) 
19%  B) 
9% C) 
*36% OD) 


4% omit 


Vile RwIw pO 


The Circle 


The overall rating for this topic was satisfactory. The results were rated 
as satisfactory on five of the nine questions, marginal on three, and weak 
on one. 


Question 131 (reproduced below), which tested the ability to convert 
angles from radians to degrees, was one of the questions for which the 
rating was satisfactory. 


Question 131 


The measure of an angle in radians is ot. The measure of the angle in 
degrees is: 


Student Responses 


5% A) 15320 
3% B) 733 
*68% C) 660 
22% D) 11.5 
2% omit 
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While students could carry out this conversion, the results for question 8 
(reproduced below) — 30 per cent correct — led to a weak rating. The 
interpretation panel suggested that more emphasis should be placed on 
the concept of radian measure than on the process of conversion. 


Question 8 
Examine the diagram below: 
The measure of Z@ in radians is: 
5a cm 
Va Student Responses 
/ 
i NEN 10% <A) + 
\ Dg ii "30% B) 2 
/ 
" Wi 39% C) 2 
Ne 2 lio DD) 2n 
Pie ket 5%e Ont 


The results on question 46 (reproduced below), which were rated as 
marginal, indicated a lack of understanding of a fundamental definition 
of the geometry connected with the circle. 


Question 46 


The circle below has centre O. 
The inscribed angle(s) on arc PR 
shown in the diagram is (are): 


Student Responses 


*31% A) ZPSR only 
5% B) ZPQRonly 
24% B) ZPSRand ZPOR 
3970 D)S PZPSRYZPOR, and: ZPOR 
1% omit 
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8.2 Relations and Functions 


This curriculum area includes graphing functions using transformations, 
the concept and graph of the inverse of a function; the graphs of 
trigonometric functions; the amplitude, periodicity, and phase shift of 
sinusoids; applications of trigonometric functions to problems involving 
triangles; the proofs of simple identities; and the solution of 
trigonometric equations. It also includes the exponential and 
logarithmic functions and graphs of some second-degree relations. 


The average percentage correct for questions by topic is shown in 
Figure 10. 


Figure 10 
Student Achievement in Relations and Functions by Topic 


Graphs of functions and relations [RRM «54.6% 
Trigonometric functions [MM 45.6% 

_ Applications of trigonometric functions [MM 52.7% 
Exponential and logarithmic functions [RRM 47.2% 
Graphs of second-degree relations [RRM 43.2% 


(Wen ns 
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The interpretation panel rating for student achievement on relations and 
functions was marginal. Four of the topics received a marginal rating, 
and the topic graphs of second-degree relations had a weak rating. The 
achievement of students by cognitive levels is given in Figure 11. 


Figure 11 
Student Achievement in Relations and Functions by Cognitive Level 


Recognition/recall and comprehension [gg 49.1% 
Application and analysis/proof [x 47.3% 


pik oe ae 2 [See ea ae ees 
OF 20740760" 80-100 
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Graphing Relations and Functions 


Of the eight questions on this topic, the results were rated as strong on 
one, satisfactory on two, marginal on three, and weak on two. The overall 
rating was marginal. 


Student achievement on question 10 (reproduced below) was rated as 
strong. This question tested students’ knowledge of function notation. 


Question 10 
If f(x) = 3 — x’ and g(x) = yez, then the value of g((1)) is: 


Student Responses 


t/O lou? AN)! we. 
6% BB) -2 
11 %o2 9D) WSs 
4% DD) 5 
2% omit 


When function notation was used with a variable rather than a specific 
value, the achievement fell. Only 45 per cent of students answered 
question 90 (reproduced below) correctly, a performance level that 
received a marginal rating from the interpretation panel. 


Question 90 


The functions f and g are defined by f(x) = x - 1 and g(x) = (x + 3)’. 
Therefore g(f(x)) is equal to: 


Student Responses 


30% A) (x-1)(x +3) 
21% B) (x+3y-1 
ay LQ) CSc 3p 
*46% D) (x + 2) 
1% omit 
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Students’ ability to recognize the equation of a function given the 
transformations applied to the graph in a standard position was tested 
by question 48 (reproduced below). The results were rated as 
satisfactory. 


Question 48 


The graph of y = f(x) is vertically stretched by factor 2, then horizontally 
shifted left by 3 units. Which of the following is the equation of the 
resulting graph? 


Student Responses 


15% A) y =2f(x-3) 
8% B) y= f(2x)-3 


eye Se Sy = (5x + 3) 
*64% D) y =2f(x +3) 


One of the questions for which performance was rated as weak was 
question 141 (reproduced below) which tested students’ knowledge of 
the reflection of a graph in the y-axis. The interpretation panel 
recommended that more emphasis should be placed on identifying the 
relationships between the transformations of the graph of a function and 
the corresponding equations. Achievement was rated as marginal on 
question 98, which was also on transformations. 
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ee eA ee 
Question 141 


Examine the diagram below: 


Student Responses 


14% A) 
36%  B) 
*36% mG) 
12% OD) 
2% omit 


Which of the following is the graph of y = f(— x)? 


A) B) 


C) 


oy 


Trigonometric Functions 


This topic includes the definition of the three basic trigonometric 
functions and their graphs, together with similar concepts for the 
reciprocal functions. The graphs of other sinusoids are related to the 
graphs of the sine and cosine functions through the consideration of 
transformations. The concepts of periodicity, amplitude, and phase shift 
are introduced. 


Student performance received an overall rating of marginal. The results 
on three questions were rated as satisfactory. Six questions had results 
that were rated as marginal and three as weak. 


The highest percentage of correct responses for a question on this topic 
was 81 per cent, achieved on question 12 (reproduced below). The 
interpretation panel considered this result satisfactory. 


Question 12 


Examine the following diagram: 


An equation of the curve is: 
Student Responses 


*81% <A) y=sinx 
7 ome b)t To COS x 
1G) y= cos x 


9% D) y = 3 sin x 


1% omit 


Question 133 (reproduced below) tested students’ knowledge of a 
fundamental definition. The result of 42 per cent received a weak rating. 
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_. epee eS pe Te, ft 
Question 133 


Examine the following diagram: 
The value of cos a is 


Student Responses 


31% A) 4 
*42% B) -3 
18% C) -4 
6c) -3 
4% omit 


Question 93 (reproduced below) and question 132 tested the knowledge 
of other basic concepts: periodicity and phase shift. The results of 37 
per cent and 36 per cent correct were given ratings of weak and marginal, 
respectively. 


Question 93 
The period of y = = cos (2x) is: 


Student Responses 


30% #@4A) a 
24% 8B) s 
437% CC) ot 
5% D) 4 
4% omit 


Although the questions relating to the reciprocal functions were not well 
done, the interpretation panel suggested that they should not be given a 
higher priority since it is clear that the basic functions require more 


attention. 
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Applications of Trigonometric Functions 


The interpretation panel rated the results as marginal on this topic. They 
expressed a concern about question 95 because of the potential 
confusion arising from contradictory information in the written portion 
and in the diagram. The results were rated as strong for two questions, 
satisfactory for four, and marginal for seven. 


Questions 15, 94, and 96 all tested the ability to apply trigonometry to 
right triangles. The response to question 96 (75 per cent correct) was 
given a strong rating. The results for question 15 (69 per cent correct) 
were rated as satisfactory, and those for question 94 (61 per cent correct) 
were rated as marginal. Question 96 is reproduced below. 


Question 96 


Examine the following triangle: 


Pp The measure of ZQ is: 
4 ~ Student Responses 
3% <A) 14° 
15 oa) ao Oe 
Q 8 R yy Ie) Tae 
4% D) 89 
3% omit 


Question 16 (73 per cent correct) and question 52 (67 per cent correct) 
are standard questions on oblique triangles, and the results were rated 
as satisfactory. 


Questions 51, 135, and 136 were more difficult applications. The result 
of 72 per cent correct for question 51 (reproduced below) was rated as 
strong. The results on the other two questions (40 and 52 per cent 
correct, respectively) were rated as marginal. 
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Question 51 


Two buildings are 60 m apart. From the top of the smaller building, the 


angle of depression of the base of the taller building is 25° and the angle 
of elevation of the top is 40°. 


The height of the taller building, to the nearest metre, is: 
Student Responses 


3% A) 28m 
13% B) 50m 
W2doue ve orm 
8% D) 129m 
4% omit 


The interpretation panel rated the achievement of students on 
applications involving triangles as satisfactory. 


Questions 17, 53, 97, and 137 tested students’ ability with trigonometric 
identities and equations. With percentages of correct results ranging 
from 27 to 42, the rating for all these questions was marginal. Questions 
17 and 97 are reproduced below. 


5D 


a rec eT 


Question 17 


An expression equivalent to _cosx-1 4 sinx_ is: 
cosxsinx cosx 


Student Responses 


23% A) (cosx + 2)(cosx — 1) 


cos x sinx 
24% B) 1+ cosx 
sin x 
18% C) cosx-cos'x 
sin x 
27 ora) om We icO5 
sinx | 


8% omit 


Question 97 


If 0° < 6 < 360°, then the exact values of 8 which satisfy the equation 
(sin 8)(2 cos@ — 1) = 0 are: 


Student Response 


*30% ~ A) 02.60% 1807730073602 
297%. 3B) 0 260-) 1207 e180" 2360" 
TOG Ae) roe yo00s 
15D) 021 80842402) 3007 3602 

6% omit 


The interpretation panel suggested that trigonometric identities do not 
require increased emphasis. 


Exponential and Logarithmic Functions 
Grade 12 (advanced level) mathematics students are expected to be able 
to graph exponential and logarithmic functions, to convert expressions 


from exponential to logarithmic form and from logarithmic to 
exponential form, and to solve problems involving these functions. 
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There were twelve questions on this topic. The interpretation panel 
rated student achievement on the topic as marginal. The rating of the 


results on four of the questions was satisfactory, on six marginal, and on 
two weak. 


Question 99 (reproduced below) was the only question on the graphs of 
these functions. The results were rated as marginal. 


Question 99 


In each of the following, the graph of y = 2” is the dotted curve. Which 
diagram also shows the graph y = cle 


A) B) 


C) D) 


Student Responses 


34% A) 
*A2% B) 
9% OC) 
12%  D) 
2% omit 


nessa 


B/. 


Students’ understanding of exponents was tested in questions 18 and 57 
(reproduced below). The results for question 57 were rated as 
satisfactory, but those for question 18 were rated as weak. 


ee ———————— — 


Question 18 
A os 
The expression 3a? x 3a? equals: 


Student Responses 


36% <A) 1 
"14% B) 9 4 
23% »@) 9a 
27% D) 9a 
1% omit 


Question 57 
If 10° = 4, then 10°*” is equal to: 


Student Responses 


16% <A) 26 
19% B) 40 
*49% C) 160 
10% D) 900 

6% omit 


Questions 19, 20, 58, 83, 138, and 139 tested students’ understanding of 
logarithmic notation. The rating for the results was satisfactory for two 
of these questions, marginal for three, and weak for one. Question 83 is 
one of those for which the rating was satisfactory, question 138 is one for 
which the rating was marginal, and question 139 is the one for which the 
rating was weak (these three questions are reproduced below). 
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=== ee oe 
Question 83 


If log,.243 = 5, then the value of x is: 
Student Responses 


470.4 TA) oil 215.0 


18% B) 48.6 
G07 em G@)e 23.0 
4% D) 08 
6% omit 


Question 138 
The expression log,64 equals: 


Student Responses 


18% wA)i a8 
5% WEB) is 42 
F552 % oe Caw6.0 
21% D) 8.0 
4% omit 


Question 139 
If log N = n, then log N? is equal to: 


Student Responses 


Sem Alain? 
526 te) aatts 
8% C) 3 
*30% D) 2n 
5% omit 
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Two of the three problems involving the exponential function had 
results that were rated as marginal. Question 59 (reproduced below) 
was one of these. 


Question 59 


Suppose the number of bacteria in a certain culture T hours from now 
will be 100 (2.7)'. The time it will take for the bacteria count to reach 
600 is approximately: 


Student Responses 


*5AT ) OA) 2h 
21% +B) ooh 
L590 1) 6h 

5% Dye 12h 
5% omit 


Graphs of Second-Degree Relations 


The overall rating for the topic was weak. Of the nine questions, five 
had results that were rated as weak. The results on three were rated as 
marginal, and the results on one — question 22 (reproduced below) - as 
satisfactory. 


Question 22 


soa which maps the graph x’ — y” = 1 to the graph 
he ee Sr i 
25 


Student Responses 
18% A) a stretch in the x-direction of factor 1 and in 
the y-direction of factor 1. ; 


*50% B) a stretch in the x-direction of factor 3 and in 
the y-direction of factor 5. 

10% ©) a stretch in the x-direction of factor 9 and in 
the y-direction of factor 25. 

18% D) a stretch in the SO of factor ; and in 
the y-direction of factor 1 a 


3% omit 
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Question 21 (reproduced below) is one of those with a marginal rating. 


Question 21 
Which of the following is the graph of y = -1x7? 
4 


A) B) 


C) 


Student Responses 


3% A) 
9%  B) 
29% OC) 
*58% DD) 
1% omit 
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Question 144 (reproduced below) is one of those with a weak rating. 


Question 144 


State the length of the radius and the co-ordinates of the centre of the 
circle defined by: 


VY +(y +5 =9 
Student Responses 
Co-ordinates of centre Radius 
37% right 52% right 
37% wrong 21% wrong 
26% omit 27% omit 


*34% co-ordinates and radius correct 


The interpretation panel recommended that the optional objective, 
Graphing Functions and Relations (d), be considered core and be used 
to give students increased understanding of the graphs of second-degree 
relations. 


8.3 Algebraic Operations 


Algebraic operations for Grade 12 (advanced level) mathematics include 
the factoring of quadratic polynomials and the sum and difference of 
cubes, division of a polynomial by a binomial, the use of the remainder 
theorem and the factor theorem, the solution of polynomial equations of 
degree two and greater, the definition of absolute value, the solution of 
equations and inequations involving absolute value, and the 
interpretation and evaluation of powers with integral bases and rational 
exponents. 


The average percentage correct in algebraic operations was 57. The 
interpretation panel rated this student performance as satisfactory. The 
average percentage correct for each topic in algebraic operations is given 
in Figure 12. The panel ratings were satisfactory for polynomials and 
equations, marginal for absolute value, and satisfactory for radicals. 
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Figure 12 
Student Achievement in Algebraic Operations by Topic 


Polynomials and equations [MM 59.4% 
Absolute value [x 44.6% 
Radicals (64.3% 


Le Lf 
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Polynomials and Equations 
The overall rating for this topic was satisfactory. Of the ten questions, 
the results were rated as strong on one, satisfactory on three, and 
marginal on six. 
Questions 1 and 43 tested divisions of polynomials and the remainder 
theorem. The performance on question 1 (reproduced below) was rated 
as strong. The results of question 43 (58 per cent correct) were rated as 
satisfactory. 

Question 1 


When x® + 2x” + 5x + 11 is divided by (x + 2) the remainder is: 


Student Responses 


790. A) e37 
*82%  B) i} 
675) a 20 
3% D)-15 
2% omit 


Fifty-one per cent of students answered question 41 (reproduced below) 
correctly. The performance on this question testing knowledge of the 
factor theorem was rated as marginal. 
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Question 41 
One of the factors of x° — 7x? + 17x — 20 is: 
Student Responses 


12% A) x-3 
10% B) x+3 
23% CC) x+4 
*51% D) x-4 
4% omit 


Three of the questions tested students’ ability to solve equations. 
Question 121 tested the ability to solve a simple quadratic equation. 
The performance of 70 per cent correct was rated as satisfactory. With a 
more difficult quadratic equation, in question 42, the performance 
dropped to 56 per cent correct, which was rated as marginal. Also rated 
as marginal was the performance on question 2 (reproduced below), 
which tested students’ ability to solve an equation of degree more than 
two. 


Question 2 
The roots of 2x? + 7x? = 2x + 7 are: 


Student Responses 


S7on eA) yay 5. —7 
10%  B) 1,-1,- 
*97%. °C) . lpal= 
19% CC) 1,1, 3 
6% omit 


wla ale 


Of the three questions on factoring, question 103 (reproduced below) 
produced results which were rated as satisfactory. 
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Question 103 
Factor completely xy + 3x - 2y - 6. 
Student Responses 


*70% right 
17% wrong 
13% omit 


Question 23 (reproduced below) and question 143 tested factoring of 
quadratic expressions. The results of 52 per cent and 46 per cent 
correct, respectively, were rated as marginal. 


Question 23 
Factor completely 6x’ + 25x - 9. 
Student Responses 
*52% right 


34% incorrect 
14% omit 


Although the interpretation panel identified factoring as an area of 
comparative weakness, the panel did not feel that the topic should 
receive more emphasis in Grade 12 (advanced level) mathematics. 


Absolute Value 


Of the four questions on this topic, the results on one were rated as 
satisfactory, on one as marginal, and on two as weak. The overall rating 
for the topic was marginal. ) 


Student performance on question 56 (reproduced below) was rated as 


satisfactory and indicates that students understand the use of absolute- 
value notation in numerical cases. 
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Question 56 


The expression |-3| — (-3) equals: 
2 


Student Responses 


1% <A) -3 
17% B) 0 
+720 Gye 3 
10% D) $ 
1% omit 


The marginal and weak ratings for performance on the other questions 
led the interpretation panel to conclude that students did not 
understand the basic concept of absolute value and that teachers needed 
to experiment with techniques for conveying this concept to students. 
Question 105 (reproduced below) is one of the questions for which 
performance was rated as weak. 


Question 105 
Solve |x - 2| = 5. 
Student Responses 
*38% correct 


46% wrong 
16% omit 


Radicals 


There were four questions on this topic, and the overall rating was 
satisfactory. The panel rating was satisfactory for two questions and 
marginal for two questions. 


Question 82 (reproduced below) and question 123 were those for which 


student performance was rated as satisfactory. These questions tested 
students’ understanding of the concept of a radical. 
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Question 82 
The expression 4-9 is equal to: 


Student Responses 


23% A) -9 
1 GetwsB) 0883 
7 Fm) aa 3 


"69% D) |-9| 


Although 70 per cent of students answered question 63 (reproduced 
below) correctly, the interpretation panel rated the performance as only 
marginal, since the question tested a fundamental calculator skill for 
Grade 12 (advanced level) mathematics. 


Question 63 
Evaluate 17°” correct to 2 decimal places. 
Student Responses 


*70% right 
17% wrong 
13% omit 


8.4 Process Problems 


The four questions of this type assessed students’ ability to apply 
problem-solving strategies to non-routine problems. Students of Grade 
12 (advanced level) mathematics are expected to be familiar with the 
following strategies: searching for a pattern, drawing a diagram, 
constructing a table, estimating, choosing mathematical operations and 
sequencing them, assuming a solution and working backwards, using a 
formula or writing an equation, solving a simpler problem, accounting 
for all possibilities, checking for hidden assumptions, making an 
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assumption, and drawing a conclusion. In solving a process problem, 
they should be able to select one of these strategies and use it to arrive 
at an answer. The strategies used by students to solve each problem are 
summarized in Table D-13 in Appendix D. 


The overall rating for student achievement on process problems was 
satisfactory. The results on one question were rated as superior, on a 
second question as satisfactory, on a third question as marginal, and on 
the remaining question as weak. The interpretation panel noted that the 
questions for which the ratings were satisfactory or strong were ones 
which required mathematical maturity rather than a knowledge of 
mathematical content. The panel felt that problem 3, for which the 
rating was weak, was a poor question. 


Problems 1 and 4 are reproduced below. Student performance on 
problem 1 of 83 per cent correct was rated as superior, and the 
performance of 25 per cent correct on problem 4 as marginal. 


Problem 1 


Tin Jee collects basketball cards. When they are stacked in piles of 2, 
there is 1 left over. When they are stacked in piles of 3, there is 1 left 
over. With piles of 5, there are none left over. If he has fewer than 50 
basketball cards, how many cards does he have? 


Student Responses 


*83% right 
2% right, except for a minor error 
14% wrong 
1% omit 


For problem 1, the two most common strategies were searching for a 
pattern and estimating by guessing and checking, which were used by 
29 and 25 per cent of students, respectively. Nine per cent of students 
used a formula or equation. 
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Problem 4 


ABCD is a square with sides of length 6 cm. E, F, G, H are vertices of 
equilateral triangles constructed on the sides of the square. Calculate 
the area of square EFGH, correct to the nearest square centimetre. 


Student Responses 


P20 oe went 
14% right, except for a minor error 
56% wrong 
47% omit 


For problem 4, 40 per cent of students used equations involving the 
Theorem of Pythagoras or trigonometry. Thirteen per cent solved a 
similar problem and applied that solution to this problem. 


8.5 Opportunity to Learn 


Teachers were asked to indicate whether or not they had taught the 
content required to answer each question in geometry, relations and 
functions, and algebraic operations. The results for each question are 
presented in Tables D-1 to D-11 in Appendix D. The summary data for 
each curriculum area are provided in Table D-15. Teachers who did not 
teach the content for a question were asked to indicate reasons for not 
teaching it. Results for each question are presented in Table D-16 in 
Appendix D. 


The results for opportunity to learn and actual student achievement are 
summarized in the graphs in Figure 13. The graph for opportunity to 
learn shows the percentage of teachers who said that they taught the 
concepts or thought that the concepts had been taught in a prior year. 
These are the average percentages for all questions in each topic. 


Students had a high opportunity to learn the concepts in algebraic 
operations and a somewhat lower opportunity in relations and 
functions. The opportunity to learn was approximately 75 per cent in 
geometry. The achievement levels do not reflect these differences in 
opportunity to learn. Opportunity-to-learn data were not obtained for 


process problems. 


69 


Figure 13 
Summary of Results for 
Opportunity to Learn (OTL) and Achieved Percentage Correct 
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9. Summary and Conclusions 


This comprehensive review of the Grade 12 (advanced level) 
mathematics program in Ontario generated a wealth of information on 
student achievement, student attitudes, program planning, teaching 
resources and practices, and the context within which the program is 
delivered. A detailed examination of the information at the provincial, 
school board, and school levels will provide guidance on how to 
maintain existing strengths and how to generate improvement in areas 
where weaknesses were identified. 


9.1 Student Achievement 


Grade 12 (advanced level) students in Ontario achieved at levels that 
were rated as satisfactory or better for half of the curriculum areas. The 
strongest student performance was in the topic of similar figures in the 
geometry area. 


Student performance in the following areas was judged to be satisfactory: 
congruence and parallelism, the circle, polynomials and equations, 
radicals, and process problems. 


A marginal rating was given to student achievement in graphs of 
functions and relations, trigonometric functions, applications of 
trigonometric functions, exponential and logarithmic functions, and 
absolute value. 


Teachers reported that students had the opportunity to learn the course 
content required to answer most of the questions in the Student 
Assessment Booklets. Opportunity to learn was highest for algebraic 
operations; it was also high for relations and functions, but somewhat 
lower for geometry. 


9.2 Student Attitudes 


Most students expressed positive attitudes towards mathematics. 
Seventy-eight per cent thought that mathematics was important for 
employment, 73 per cent said that mathematics helps them outside of 
school, and 93 per cent thought it was of equal importance for boys and 
girls. Fifty-one per cent of students felt that they were good in 
mathematics, and 33 per cent felt that mathematics was difficult. Sixty- 
one per cent of students liked mathematics. The mathematics topics 
that were liked by more than 50 per cent of students were congruence 
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and parallelism, trigonometric functions, factor theorem and solving 
polynomial equations, absolute value, and problem solving. When 
given a difficult problem, most students attempted a variety of 
approaches to reach a solution; few students gave up before reaching a 
solution. 


9.3. Classroom Activities and Classroom Practices 


The most commonly used methods of instruction were chalkboard or 
projector presentations to the whole class and having students work 
individually on assignments. These activities accounted for over 82 per 
cent of class time. Teacher demonstrations with concrete materials were 
used for an average of 8 per cent of class time. 


Ninety-five per cent of teachers said that calculators were used in 
almost every class or during about half of the classes. Ninety-four per 
cent said that calculators were also used for tests. Fifty-four per cent of 
teachers reported that students did not have access to computers. When 
computers were available, teachers most frequently encouraged students 
to use them to practise new concepts, to learn new concepts and skills, 
and as an aid in doing projects. 


Most students reported that they frequently worked on mathematics 
alone and that their teacher frequently taught mathematics to the whole 
class. Sixty-seven per cent of students never did projects in 
mathematics, and most students never used a computer in mathematics 
class. Fifty-six per cent of students had computers at home, but only 4 
per cent used them for mathematics school work. 


Seventy-three per cent of students did one or more hours of 
mathematics homework per week, 22 per cent did less than one hour, 
and 5 per cent did no mathematics homework. 


It is hoped that this report will encourage discussion about mathematics 
in Ontario schools. Ontario educators should now take steps to: 


= maintain the strengths that were identified by this review of the 
Grade 12 (advanced level) mathematics program; 

= recommend and implement procedures that will lead to 
improvement in areas where weaknesses were identified. 
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Appendix A: Principal Questionnaire 


The percentage of principals selecting each response for each question 
on the Principal Questionnaire is presented in this appendix. The 
percentages are based on the number of principals answering a specific 
question. The number of respondents is given for each question. 


Many questions on this questionnaire asked for information about all 
three grade levels (Grades 8, 10, and 12). Only the data for Grade 12 
are reported in this appendix. Questions 2 and 3, which apply to 
Grades 8 and 10, have been omitted. 


If a large number of numerical responses was possible for a given 
question, these have been grouped into categories. The data for these 
questions represent the percentage of principals giving responses that 
fall in each category. The average of all responses is also given. 


Question 1, concerning the number of students enrolled in the school, is 
an example of this type of question. The first category is 0-299 students. 
In the province, 5 per cent of principals said that there were fewer than 
300 students enrolled in their schools; 33 per cent of principals said that 
there were 900-1199 students enrolled in their schools. The average 
number of students in all schools in the province is 991. 
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How many students are enrolled in your school? 


No. of Students % of Principals 

0-299 5% Average 
300-599 8% number of 
600-899 26% students: 991 
900-1199 33% 

1200-1499 18% 

1500 or more 10% 


Note: Question 2 applies to Grade 8 only, and question 3 applies to Grade 10 only. 


How many students are enrolled in the following in your school? 
(Include both semesters if applicable.) 


Grade 12 Mathematics, Basic, General, and Advanced Levels 


No. of Students % of Principals 

0-34 3% Average 

35-49 0% number of 
50-99 14% students: 164 
100-149 32% 

150-199 24% 

200 or more 26% 

Grade 12 Mathematics, Advanced Level only 

No. of Students % of Principals 

0-19 3% Average 

20-29 2% number of 
30-49 9% students: 104 
50-69 16% 

70-99 28% 

100-149 16% 

150 or more 27% 


Percentage of Grade 12 mathematics students who are in the advanced level: 65.4%. 


What is the time allocation for mathematics instruction in your school? 
No. of Hours per Year % of Principals 


0-109 1% Average 
110-114 49% number of 
115-119 35% hours: 114 
120 or more 15% 


Which of the following best describes the community served by your school? 
Urban/suburban area 71% 
Rural area 25% 
Isolated area 4% 
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Which of the following applies to the scheduling of your mathematics program? 
Full year 23% 


Semestered 171% 
Other 0% 
Both 0% N = 96 
8. a) Is there an Immersion French or Extended French program in your school? 
Yes 29% 
No 11% N=95 
b) If Yes, is Grade 12 mathematics, advanced level, taught in French? 
Yes 71% 
No 93% N=28 


10. 


ues 


12. 


13: 


About how often do teachers in your school meet for the purpose of discussing the teaching of 
mathematics? 


Once every week 33% 
Once every two or three weeks 23% 
Once every month or second month 40% 
Fewer than 5 times per year 3% 
Never 1% 
Only one teacher in the school 0% N=95 
How much emphasis is placed on the following planning documents for mathematics? 
None Some A Lot 
Ministry of Education guidelines 0% 11% 89% N=95 
School board documents 31% 31% 38% N=93 
School-level planning 
documents/course of study 1% 9% 90% N = 96 


Does your school board have a procedure for regularly reviewing mathematics programs? 
Yes 59% 


No 41% N=97 
Does your school have a procedure for regularly reviewing mathematics programs? 

Yes 88% 

No 12% N=97 


When was the mathematics program last reviewed by either the school or the school board? 
Has not occurred 71% 


Last school year (1988-89) 71% 
Two to four years ago 16% 
Five years or more 5% 
Currently 0% N = 94 
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14. 


15, 


16. 


If a mathematics review was conducted, which of the following components did it include? 


Yes No 
Review of planning documents 93% 7% N= 85 
Review of teaching practices 81% 19% N = 86 
Review of evaluation practices in schools 98% 2% N= 88 
Review of resources 81% 19% N= 83 
Administration of achievement test 41% 59% N= 76 
What changes occurred as a result of the last review of the mathematics program? 
Yes No 

There was a change in: 

Teaching objectives 66% 34% N= 87 
Sequence and timing of programs 89% 11% N= 85 
Teaching strategies 70% 30% N= 88 
Student evaluation practices 712% 28% N= 87 
School resources 59% 41% N = 83 


Outside of regular professional development days, what activities or courses do teachers 
in your school engage in for the purpose of professional development for the teaching 
of mathematics? 


VES No 
Seminars/workshops 87% 13% N= 94 
Visiting other classrooms 52% 48% N = 86 
Conferences 92% 8% N=95 
Peer coaching/job shadowing 38% 62% N= 84 
Credit courses 41% 59% N = 86 
Professional reading 97% 3% N = 94 
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Appendix B: Teacher Questionnaire 


The percentage of teachers selecting each response for each question on 
the Teacher Questionnaire is presented in this appendix. The 
percentages are based on the number of teachers answering a specific 
question. The number of respondents is given for each question. 


If a large number of numerical responses was possible for a given 
question, these have been grouped into categories. The data for these 
questions represent the percentage of teachers giving responses that fall 
in each category. The average of all responses is also given. Question 
19, which is reproduced below, is an example of this type of question. 


19. What percentage of time is devoted to the problem-solving 


process? 
% of Time % of Teachers 
0-19% 28% Average 
20-29% 29% percentage 
30-39% 18% Of Time gugsU 7 
40-49% 8% 
50-59% 5% 
60% or more 13% N = 175 


In the province, 28 per cent of teachers said that they spent less than 20 
per cent of their class time on the problem-solving process in 
mathematics; 13 per cent of teachers said that they spent 60 per cent or 
more of their class time on problem solving. The average percentage of 
time spent on problem solving by teachers in the province was 30 per 
cent. 
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Section 1: PERSONAL/PROFESSIONAL BACKGROUND 


1b 


Are you male or female? 
Male 69% 
Female 31% N=173 


How many years’ full-time teaching experience do you have? (Include the current year and 
round to the nearest year any part-time experiences you have.) 


1 year 1% 
2 to 5 years 10% 
6 to 10 years 9% 
11 or more years 80% N=175 


How many years have you spent teaching mathematics? (Include the current year and 
round to the nearest year any part-time experiences you have.) 


Elementary Secondary 

1 year 23% 1% 
2 to 5 years 46% 12% 
6 to 10 years 15% 10% 
11 or more years 15% 771% 
N=13 N=175 


How many full-year courses in mathematics methods were included in your 
teacher education? 


No course in mathematics methods 8% 
Some instruction as part of a general course 13% 
One full course in mathematics methods 39% 
Two or more full courses in mathematics methods 40% N = 173 


How many full-year university courses do you have in mathematics? 


Zero 1% 
One 1% 
Two 2% 
Three 5% 
Four 5% 
Five or more 86% N = 175 


How many courses in measurement and evaluation or testing were included in your teacher 
training and/or graduate courses? 


Zero 38% 
One 42% 
Two 14% 
Three or more 6% N= 173 


Have you received training on the instructional use of computers with respect to the teaching 
of mathematics? 

WES 41% 

No 59% N= 175 
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Section 2: TEACHING PRACTICES 


8. What importance do you place on the instruction of the following topics? 


Not Very 

Important Important Important 
Congruence and parallelism 13% 62% 26% N=172 
Similar figures 9% 65% 26% N= 174 
The circle 11% 60% 29% N= 174 
Graphs of functions and relations 1% 27% 712% N= 174 
Trigonometric functions 1% 13% 86% N=174 
Applications of trigonometric functions 2% 21% 718% N=175 
Exponential and logarithmic functions 5% 45% 50% N=175 
Graphs of second-degree relations 2% 49% 48% N= 174 
Polynomials and equations 1% 22% 771% N=174 
Absolute value 17% 67% 16% N=175 
Radicals 19% 62% 19% N= 175 
Problem solving 1% 26% 74% N= 175 


9. How much time per week outside of class do you think that the average student in your class 
will take to complete his/her mathematics homework assignments? 


Less than 1 hour 9% 

1 to 2 hours 24% 

Between 2 and 3 hours 39% 

3 hours or more 29% N= 174 
10. Do your students of mathematics have access to computers? 

Wies 46% 

No (Go to Question 13) 54% N = 173 


11. Approximately what percentage of time do your mathematics students spend using 
computers per week? 


% of Time % of Teachers 

0-4% of time 57% Average 

5-9% of time 22% percentage 

10-14% of time 13% of time: 4% 

15-19% of time 0% 

20% or more 71% N = 67 


12. Do you encourage your mathematics students to use computers to do any of the following? 


Yes No 
To check answers to exercises 16% 84% N =75 
To practise new concepts 41% 59% Nes 
To learn new concepts and skills 40% 60% N=78 
To take tests 0% 100% N=72 
As an aid to do projects 39% 61% N=74 
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13. In your mathematics classes how often are calculators used? 


14. 


15; 


Often (during every or almost every class) 
Occasionally (during about half the lessons) 
Rarely 

Never 


75% 
20% 


5% 
0% 


N=175 


Do you encourage your mathematics students to use calculators to do any of the following? 


No 
9% 
25% 
25% 
6% 
18% 


N = 172 
N= 170 
N= 169 
N= 174 
N = 165 


How much emphasis is placed on each of the following in preparing lessons in mathematics? 


Yes 
To check answers to exercises 91% 
To practise new concepts 715% 
To learn new concepts and skills 75% 
For use during tests — 94% 
As an aid to do projects 82% 
Not 
Available 
Ministry of Education guideline 0% 
Board materials 19% 
Textbook or teacher’s edition of textbook 1% 
Materials prepared by yourself or 
other teachers in your school 0% 
Journals or other teacher reference books 1% 
Commercially produced 
supplementary materials 16% 
Materials from teacher education courses 9% 
Materials from your in-service workshops, 
conferences, and seminars 9% 
Suggestions from students 8% 


80 


None 
3% 
25% 
1% 


0% 
19% 


37% 
59% 


28% 
23% 


Some 
39% 
43% 
24% 


34% 
66% 


46% 
30% 


61% 
66% 


A Lot 
58% 
13% 
74% 


66% 
71% 


1% 
1% 


2% 
3% 


Nests 
N= 170 
N= 174 
N=175 
N= 175 
N = 173 
N= 174 
N= 174 
N=173 


16. What percentage of time during the school year do you use each of the following methods 


17. 


or aids for the teaching of mathematics? (The percentages should total 100%.) 


A chalkboard and/or projector presentation to the class 


Average 
percentage 
of time: 


Average 
percentage 
of time: 


Average 
percentage 
of time: 


Average 
percentage 
of time: 


% of Time % of Teachers 
0-24% 4% 
25-49 25% 
50-74% 49% 
75% or more 22% 
Teacher demonstration with concrete materials to the class 
% of Time % of Teachers 
0-4% 15% 
5-9% 37% 
10-19% 41% 
20-29% 6% 
30% or more 2% 
Students working cooperatively in groups 
% of Time % of Teachers 
0-4% 16% 
5-9% 17% 
10-19% 33% 
20-29% 21% 
30% or more 12% 
Students working individually 

% of Time % of Teachers 
0-9% 15% 
10-19% 18% 
20-29% 24% 
30-39% 24% 
40% or more 20% 


Note: The sum of the four percentages specified by teachers was often greater than 100%. 


57% 


8% 


14% 


25% 


Therefore, the sum of the four averages may be greater than 100%. 


N = 175 
N = 158 
N = 166 
N=174 


Which of the following materials do you have access to during the teaching of mathematics? 


Blackline masters (photocopy masters) 


Commercially produced audio-visual materials 


Dot paper/grid paper 

Pattern blocks, geometric solids 
Geometry set 
Student-generated materials 
Textbooks 
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Yes 
712% 
56% 
97% 
63% 
85% 
34% 

100% 


N = 172 
N= 172 
N = 174 
N= 170 
N = 173 
N = 165 
N= 174 


18. 


19. 


20. 


21. 


22. 


23. 


How much emphasis do you place on each of the following in your mathematics class? 
None Some A Lot 

Blackline masters (photocopy masters) 24% 53% 23% N= 173 
Commercially produced 

audio-visual materials 59% 40% 1% N=173 
Dot paper/grid paper 6% 712% 21% N = 173 
Pattern blocks and geometric solids 46% 53% 2% N=171 
Geometry set 17% 713% 10% N=172 
Student-generated materials 61% 36% 3% N= 170 
Textbooks 1% 14% 86% N=174 
What percentage of time is devoted to the problem-solving process? 

% of Time % of Teachers 
0-19% 28% Average 
20-29% 29% percentage 
30-39% 18% of time: 30% 
40-49% 8% 
50-59% 5% 

60% or more 13% N=175 
Which of the following best describes the problem-solving component of your mathematics 
program? 

I teach problem solving as a separate unit. 3% 

I integrate problem solving into the 

mathematics program throughout the year. 95% 

Both 2% N = 173 
What approaches do you use in teaching problem solving? 

Yes No 

I provide students with many puzzles and problems to solve. 59% 41% N=168 
I provide students with a systematic approach to solving problems 

(e.g. understand, plan, solve, look back). 96% 4% N=171 
I teach specific strategies for solving problems 

(e.g. guess and check, make a list, draw diagram, etc.). D310 1% N=174 
I encourage students to develop their own strategies. 89% 11% N=171 
How are the solutions to problems in mathematics dealt with by the students? 

Yes No 

Students discuss their solutions with each other. 95% 5% N = 172 
Students report their results to the whole class. 69% 31% N = 167. 
Students write up their solutions or the results 

of their discoveries and present them to the teacher. 73% 27% N = 170 
Do you use diagnostic pre-tests in your mathematics class? 

Never 52% 

Sometimes 43% 

Often 5% N =175 
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24. On average, how often do you assess your students’ learning of mathematics skills 
and concepts? 


Less than once per month 0% 
Once per month 5% 
Twice per month 28% 
Three times per month 29% 
Four times per month or more 38% 


25. In mathematics, what per cent of the students’ final mark is determined through the 
use of the following. (The total for the grade should add up to 100%.) 


Average 
Percentage Percentage Percentage of 
of Mark of Teachers Mark 
Quizzes or short tests 0-9% 27% 11% 
10-19% 61% 
20-29% 10% 
30% or more 2% 
Cumulative tests or end-of-unit tests 0-19% 1% 44% 
20-29% 4% 
30-39% 20% 
40-49% 37% 
50-59% 29% 
60% or more 9% 
Formal examinations 0-29% 6% 38% 
30-39% 31% 
40-49% 49% 
50-59% 14% 
60% or more 1% 
Observation of student behaviour 0% 40% 5% 
1-9% 29% 
10-14% 27% 
15% or more 3% 
Peer/self-evaluation 0% 84% 1% 
1-4% 6% 
5-9% 8% 
10% or more 3% 
Others (projects, assignments, etc.) 0% 26% 6% 
1-9% 34% 
10-14% 31% 
15% or more 9% 
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N=174. 
Neg 
N=174 
N=175 

Nel 
N = 105 
N= 134 


Appendix C: Student Questionnaire 


The percentage of students selecting each response is given for each 
question. The percentage of students omitting each question is also 
given. The percentages are based on the total number of students 
responding to the questionnaire in the province (4851). 


Are you male or female? 


52% 
48% 
0% 


A) Male. 
B) Female. 
(omit) 


In which year were you born? 


4% 
10% 
64% 
20% 

2% 

0% 


A) 1970 or before. 
B) 1971. 

Cigy7. 

19) 1973: 

E) 1974 or after. 
(omit) 


What language do you most often speak at home? 


86% 
1% 
13% 
0% 


A) English. 
B) French. 
C) Other. 
(omit) 


On average how much time out of school do you spend watching TV programs each day? 


A) None at all. 

B) Up to 1 hour. 

C) Between | and 2 hours. 
D) Between 2 and 3 hours. 
E) More than 3 hours. 
(omit) 


About how much time do you spend on mathematics homework each week? 


5% 
22% 
36% 
37% 

0% 


A) I don’t do any mathematics homework. 
B) Less than 1 hour. 

C) One to 2 hours. 

D) More than 2 hours. 

(omit) 


How often do you get help with mathematics from someone in your family? 


712% 
24% 
3% 


0% 


A) Never or almost never. 
B) Occasionally. 

C) Often. 

(omit) 


Which of the following describes how the mathematics program in your school is organized? 


38% 
61% 
1% 
0% 


A) Full-year. 
B) Semestered. 
C) Other. 
(omit) 
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DO YOU LIKE DOING MATHEMATICS QUESTIONS THAT DEAL WITH: 


8. 


10. 


11. 


12. 


13. 


14. 


Congruence and Parallelism? 


51% 
30% 
17% 
3% 
0% 


Similar Figures? 


49% 
26% 
20% 
4% 
0% 


The Circle? 


48% 
38% 
12% 
3% 
0% 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


Using Transformations? 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


Trigonometric Functions? 
Db 


55% 
28% 
13% 
5% 
0% 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


Applications of Trigonometry? 


48% 
29% 
17% 
6% 
0% 


OCS: 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


Exponential and Logarithmic Functions? 


38% 
26% 
22% 
14% 

0% 


A) Yes. 

B) No. 

C) I'm not sure. 

D) We do not do these kinds of questions. 
(omit) 
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DO YOU LIKE DOING MATHEMATICS QUESTIONS THAT DEAL WITH: 


15. Graphs of Second-Degree Relations? 


16. 


17. 


18. 


19; 


26% 
33% 
29% 
12% 

0% 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


Factor Theorem and Solving Polynomial Equations? 


712% 
20% 
8% 
0% 
0% 


Absolute Value? 


60% 
31% 
9% 
0% 
0% 


Radicals? 
47% 
39% 
13% 
1% 
0% 


Problem Solving? 


52% 
39% 
9% 
0% 
0% 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


AYES, 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


A) Yes. 

B) No. 

C) I’m not sure. 

D) We do not do these kinds of questions. 
(omit) 


The following questions ask about what you and your class do when you are learning mathematics. 
Think about what happens in your mathematics Class. 


20. How often do you do mathematics at the board or on the overhead projector? 


27% A) Almost every day. 
11% B) Once a week or so. 
31% C) Only once in a while. 
31% D) Never. 
0% (omit) 
21. How often is mathematics presented to the whole class as a group? 
91% A) Almost every day. 
2% B) Once a week or so. 
3% C) Only once in a while. 
3% D) Never. 
0% (omit) 
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22. 


23. 


24. 


25. 


26. 


27. 


28. 


How often do you do mathematics in small groups? 


9% 
8% 
31% 
52% 
0% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


How often do you do mathematics on your own in class? 


710% 
12% 
15% 
4% 
0% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


How often do you do projects on mathematics topics? 


1% 
3% 
30% 
67% 
0% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


How often do you do projects in other subjects that involve the use of mathematics? 


11% 
14% 
53% 
22% 
0% 


How often 
3% 

67% 

29% 

0% 

O% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


do you write tests or quizzes in mathematics? 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


How often do you use a scientific calculator to do mathematics in class? 


171% 
13% 
9% 
2% 
0% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 


How often do you use a computer to do mathematics in class? 


1% 
1% 
11% 
86% 
0% 


A) Almost every day. 
B) Once a week or so. 
C) Only once in a while. 
D) Never. 

(omit) 
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29. Do you use a scientific calculator at home? 


19% A) No. 

81% B) Yes. 
0% (omit) 

30. Do you have a computer at home? 

44% A) No. 

13% B) Yes, but I don’t use it. 

39% C) Yes, I use it but not for mathematics schoolwork. 
0% D) Yes, I use it for mathematics schoolwork only. 
4% E) Yes, I use it for mathematics schoolwork and other things. 
0% (omit) 


The following questions ask how you feel about the mathematics you are learning in school. 


31. Do you think mathematics is: 


5% A) more for males than females? 
1% B) more for females than males? 
93% C) for everyone equally? 
0% (omit) 
32. I like mathematics. 
19% A) Strongly agree. 
42% B) Agree. 
18% C) Not sure. 
14% D) Disagree. 
6% E) Strongly disagree. 
0% (omit) 
33. Mathematics helps me outside of school. 
22% A) Strongly agree. 
51% B) Agree. 
14% C) Not sure. 
11% D) Disagree. 
2% E) Strongly disagree. 
0% (omit) 
34. Learning mathematics is mostly memorizing. 
71% A) Strongly agree. 
30% B) Agree. 
13% C) Not sure. 
41% D) Disagree. 
9% E) Strongly disagree. 
0% (omit) 
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33. 


36. 


SE 


38. 


59: 


I am good at mathematics. 


11% 
40% 
25% 
17% 
6% 
0% 


A) Strongly agree. 
B) Agree. 

C) Not sure. 

D) Disagree. 

E) Strongly disagree. 
(omit) 


It is important to know mathematics in order to get a good job. 


36% 
42% 
11% 
9% 
2% 
0% 


A) Strongly agree. 
B) Agree. 

C) Not sure. 

D) Disagree. 

E) Strongly disagree. 
(omit) 


Mathematics is difficult for me. 


9% 
24% 
19% 
36% 
12% 

0% 


A) Strongly agree. 
B) Agree. 

C) Not sure. 

D) Disagree. 

E) Strongly disagree. 
(omit) 


When I do problems in mathematics, I usually have trouble understanding 
what the sentences say. 


5% 
18% 
18% 
46% 
13% 

0% 


A) Strongly agree. 
B) Agree. 

C) Not sure. 

D) Disagree. 

E) Strongly disagree. 
(omit) 


There are usually different ways to solve mathematical problems. 


28% 
62% 
8% 
2% 
0% 
0% 


A) Strongly agree. 
B) Agree. 

C) Not sure. 

D) Disagree. 

E) Strongly disagree. 
(omit) 
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WHEN YOU DON’T UNDERSTAND A PROBLEM IN MATHEMATICS DO YOU: 


40. Try different ways to solve it on your own? 


40% A) Often. 
54% B) Sometimes. 
5% C) Never. 
0% (omit) 
41. Ask another student for help? 
38% A) Often. 
56% B) Sometimes. 
6% C) Never. 
0% (omit) 
42. Ask your teacher for help? 
22% A) Often. 
67% B) Sometimes. 
11% C) Never. 
0% (omit) 
43. Wait and ask someone at home? 
4% A) Often. 
23% B) Sometimes. 
713% C) Never. 
0% (omit) 
44. Just give up? 
9% A) Often. 
65% B) Sometimes. 
25% C) Never. 
2% (omit) 


Of. 


Appendix D: Mathematics Achievement 


The results for all achievement items for Grade 12 (advanced level) 
mathematics are presented in this appendix. 


1. 


item Statistics for Student Assessment Booklets and 
Process Problems (D-1 to D-12). 


Each table contains the results for the set of items dealing with one 
of the twelve topics, three in geometry, five in relations and 
functions, three in algebraic operations, and the category of process 
problems. Within each table, the items are grouped according to 
level of complexity (recognition/recall and comprehension, 
application, and analysis/proof). The items are identified by 
booklet number and item number. The set of questions for each 
topic precedes each table. 


For multiple-choice questions, the key identifies the correct 
response, and the percentage of students selecting each response is 
given under columns A, B, C, and D. The percentage of students 
omitting each item is given under O. OTL represents the 
percentage of teachers who said that they taught the content 
covered by the question or that they felt it was taught in a previous 
year. Cor is the average percentage correct achieved by students. 
Some questions required students to write a response in the 
booklet, and most of these were marked correct or incorrect. A 
more detailed scoring scheme was used for some of the open-ended 
questions. The categories used in these scoring schemes and the 
algorithm for determining a correct response are outlined in Table 
D-14. For questions with two parts in the scoring guide, an answer 
had to meet the criteria for both parts in order to be rated as a 
correct response. For open-ended questions, data are provided only 
for O, OTL, and Cor. 


For multiple-choice questions, the percentages are based on the total 
number of students answering each booklet. For the province, the 
numbers of students are as follows: 


Booklet number: il 2 3 4 
Number of females: 585 546 528 563 
Number of males: 559 583 592 560 


Total number of students: 1162 1144 1141 137 


22 


The total number is not equal to the sum of the numbers of females 
and males because some students did not specify gender. 


For open-ended questions, a number of teachers did not record 
marks on the student answer sheets. The percentages reported for 
the item statistics are based on the total number of students for 
whom marks were recorded. This number of students is given 
below each table that contains data for open-ended questions. No 
data are reported for questions for which marks were recorded for 
fewer than 20 per cent of students who should have answered a 
given question. The number recorded under the O column is the 
percentage of students for whom teachers marked the no-response 
category. In Table D-12, the number of marked responses (N) is 
given for each question. 


The conclusions of the interpretation panel are also provided. The 
acceptable level (Acc), the desirable level (Des), and the rating (Rtg) 
are given for each question. These terms have been discussed in 
"3.3 Interpretation of Results”. 


Strategies for Process Problems (D-13) 


This table gives the percentage of students who used each strategy 
in obtaining solutions to process problems. 


Scoring Criteria for Selected Open-Ended Questions (D-14) 


The percentage of students in each category of the scoring guide is 
given for each question. The algorithm for determining a correct 
response is also given. 


Summary of Achievement by Topic (D-15) 


This table presents a summary of the data for groups of questions 
by topic. Averages are provided for percentage correct and 
opportunity to learn. Average percentage correct is given for males, 
females, and the total student population. 


Panel ratings are given for each content area. The reported 
acceptable (Acc) and desirable (Des) levels were obtained by 
averaging the levels assigned to each question. The rating (Rtg) 
was assigned to each topic through deliberations of the panel. 
Panel ratings are not provided for the cognitive levels. 
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Opportunity to Learn (D-16) 


Teachers were asked whether or not they had taught the content 
required to answer each question in the Student Assessment 
Booklets. Results for each question are presented in Table D-16. 
The percentage of teachers who said that they taught the content is 
reported in the Taught column, and the percentage of teachers who 
said that the content was not taught is reported in four columns 
according to the reason for not teaching it (assumed taught in a 
prior year, intended to teach it later in the year, content not in the 
curriculum, and other reasons). 


94 


Geometry: Congruence and Parallelism 


Examine the triangle below. 


P 


A triangle which is congruent to APQR is: 


A) B) 


C) D) 


The negation of the statement ZP > ZQ is: 


A) ES ZQ: 
B) ZP<ZQ. 
C) Z2P= 20. 
D) YAO es AQ). 


AXYZ is the image of AABC under a clockwise rotation 
of 120° about O. 


BC = 5 cm, OC = 12 cm, OA = 8 cm, OB = 14 cm. 


The length of OZ is 
The measure of ZAOX is 


V 
V 
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84. Examine the following diagram. 


c 
ep 
f 
y 
m 


If line p is parallel to line m, then: 


b=a 
a+b=180° 
at+e=180° 
bist 


128. In the diagram below, AB is any chord of the circle with 
centre O, OB = BC, and ZOCB = 10°. 


The measure of ZAOB in degrees is: 


A) 
B) 
C) 
D) 


130° 
140° 
150° 
160° 


104. What is the length of a side of a rhombus with diagonals 
of length 24 cm and 10 cm? 


Answer: 


Congruence and Parallelism (cont’d) 


129. PQR is a secant to the circle below with centre O and 44. Given the following diagram, 


PQ = OQ. 


2 


The value of y is: A) 40° 
B) 70° 

A) 40 C) 80° 

B) 60 D) 110° 

C) 80 

D) 140 


145. In the diagram below, GB = BE, ZP = ZS, GQ 1 PS and 


ER PS. 


25. Given AABC with BC produced to D. EC bisects ZACD 
and EC || AB. 


Prove: GQ = ER 


B Cc D 


Prove: AABC is isosceles. 


Table D-1 
Geometry: Congruence and Parallelism 


Level Item _— Key A B Cc D iE OZ OT maCo; 
Recognition/Recall 

and Comprehension 1-4 (A) 86 1 i, 5 0 95 86 

1-9 (A) 14 61 35) 20 Zoe 14 

2-64* 17 48 3845 

3-84 (B) 10° 79 4 6 OF a? 

4-128 (B) 10 60 {aes 2a 09a. G0) 

Application 3-104* 6 Ie vet if] 

4-129 (B) 14. 67 12 5 ou ey Gy 

Analysis/Proof 1-25* SEN BON: 

2-44 = (B) 14 67 12 5 TRC) atey, 

4-145* 21 36 


*Number of students for open-ended questions is 1137, 1130, 1151, and 1126 (order as in table). 
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Panel Rating 
Acc Des Rtg 
80 = 90 4 
60 80 4 
15 a) jy 
80 90 4 
LOSS ES> 3 
65 80 | 
OS 3 
65 80 2 
ieee 10 3 
60 80 1 


Similar Figures 


6 
45. Examine the triangle below. (Ga D) 
: 8 
é 3 
6 
Q 4 R 
r) 


6. During a course in orienteering, you have to determine the 


The following diagrams are not drawn to scale. Which distance across a gorge. R is a rock on one edge of the 
fereee is similar to AAPOR: gorge. You position markers P, Q, M and N as shown in 
the diagram. 
A) i B) GORGE 
3 6 
oar e ream ie 
a Ss. 7 
Re 5m 
iQ 
N 
C) D) If P and Q are on the edge of the gorge, then the distance 
4 9 6 PR across the gorge is: 
3 A) 3.2m 
B) 3.6m 
C) 36.0 m 
D) 40.0 m 


7. In the diagram below, PR = 18, QR = 3, and SR = x. 


«— Xx 
87. Examine quadrilateral PQRS. S R 
P 3 Ss /? 
3 
i 
Q 


x is equal to: 


Which quadrilateral is similar to PQRS? A) 2 
A B) B a 
) 6 ) : 
6 

C) 1 

; 1 
8 D i 
2 
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85. 


124. 


Similar Figures (cont’d) 


In the diagram below, PZ is the bisector of ZXZY and 


PZ 


|| YQ. 


Za 


S| as d “aefos See 
d is equal to: 
A) 1 
4 
B = 
3 
C) 4 
D) 9 


Q 


At a certain time of day a tree casts a shadow that is 12 m 
long. At the same time of day a man 1.65 m tall casts a 
shadow 2 m long. 


The height of the tree is approximately: 


A) 
B) 
C) 
D) 


0.145 m 
9.9 m 
14.5 m 
990.0 m 


98 


125; 


1278 


65. 


A ski hill 300 m long is modelled by the diagram below. 
At the top of the hill, the mun is 260 m. 


x pee 
-———— 260 m 
A skier stops at a point P on the hill at which the rise is 60 


m. To reach the bottom of the hill, the skier still must ski 
a distance of approximately: 


A) 130 m 
B) 120 m 
C) 69 m 
D) 52 m 


In the following diagram, quadrilateral PQRS is similar to 
quadrilateral PXYZ. The area of PQRS is 75 cm?, and the 
area of PXYZ is 48 cm’. 


If PQ is 20 cm long, then the length of PX is: 


A) 12.8 cm 
B) 31.25 cm 
C) 25 cm 
D) 16 cm 


Given the trapezoid below, ABCD, with AC and BD 
intersecting at P, 


prove: AAPD is similar to ACPB. 


eee 


Table D-2 
Geometry: Similar Figures 


Panel Rating 

Level Item ‘Key A B G D E On OTEs 3Gor. Acc Des Rtg 
Recognition/Recall 

and Comprehension 2-45 (D) 1) 6 5 74 0 81 74 70 8 85 4 

520 ipa a@) Ate aro) 3 ORI oo 80 90 5 

Application 1-6 (C) Shea! 62 9 a2 OD 65 80 3 

1-7 (D) 320 19 9 36 A> TT meso 65 80 1 

3-85 (C) S75 > Ud 68 d| aya to! 68 nor ed) 4 

4-124 (B) lw 86 11 1 1 84 8&6 80 90 4 

4-125 (B) 2 5] 14 6 Ay 3saer 5) 65 80 3 

4-127 (D) 49 5 2. 540 4 64 40 60 70 2 

Analysis/Proof 2-65* 1S = S0sr 65 10 85 3 


*Number of students for question 2-65 is 1134. 
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46. 


The Circle 


The set of all points in a plane which are 10 units from a 
point P in the plane is: 


A) a circle with centre P and radius 5 units. 

B) a circle with centre P and radius 10 units. 

C) a straight line which is 10 units from P. 

D) two parallel lines, each of which is 10 units from 
P. 


S56 a= 


The measure of 26 in radians is: 


1 
A i 
) 2 
B) 2 
C) 2 
we 
D) on 


The circle below has centre O. 


The inscribed angle(s) on arc PR shown in the diagram is 
(are): 


A) ZPSR only 
B) ZPQR only 

C) ZPSR and ZPQR 

D) ZPSR, ZPQR, and ZPOR 
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86. 


89. 


126. 


180 . The 


rT 


The measure of an angle in degrees is 
measure of the angle in radians is: 


A) i 
V4 

B) 1 
nr 

D) 57 


The radius of a circle with centre O is 12 cm. The area of 
the sector with sector angle 1.3 radians to the nearest 
square centimetre is: 


A) 187 cm? 
B) 94 cm? 
C) 55 cm? 
D) 16 cm? 


Examine the circle below with the centre O. 


The measure of 26 to the nearest tenth of a degree is: 


A) 1.4° 
B) 41.2° 
C) 82.4° 
D) 103.0° 


131. The measure of an angle in radians is 
measure of the angle in degrees is: 


A) 1 320 
B) 733 
C) 660 
D) PS 
47. 
A) 5.4 
B) 7.0 
C) 73 
D) 8.8 
Level Item 
Recognition/Recall 
and Comprehension 1-5 
1-8 
2-46 
3-86 
3-89 
4-126 
4-131 
Application 2-47 
3-88 


The Circle (cont’d) 


. The 


88. 


Table D-3 
Geometry: The Circle 


O is the centre of the circle below. 


If ZOPR = 28°, then the measure of ZPQR is: 


56° 
62° 
118° 
124° 


O* OF «Gor 
0 80 £61 
Sih sO 
1 61 31 
2 © 95° 47, 

HOPE INE popes Wate 
4654) 69 

2 95 68 
ANE 45a 93); 
Ae eaO lye e5t 


Panel Rating 
Acc Des_ Rtg 
80 690 o: 
JOST" S5 1 
10 290 2 
1079-90 3 
65 80 2 
TORS SS 3 
(ry eal 3 
60 75 3 
65 85 3 


I< 
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10. 


11. 


48. 


Relations and Functions: Graphs of Functions and Relations 


55. Examine the graph below. 
If f(x) = 3 —x? and g(x)= 6-x_, then the value of 


g(f(1)) is: 
A) 2 
B) -2 
Cc) 5 
D) 5 
Which of the following is the graph of the inverse of the 
Which of the following is the graph of a function? given relation? 
A) B) 4) COT 
1 1 
0) 2 1 
C) 7 D) i C) 


The graph of y = f(x) is vertically stretched by factor 2, 
then horizontally shifted left by 3 units. Which of the 
following is the equation of the resulting graph? 


90. The functions f and g are defined by f(x) = x — 1 and 


A) y = 2f(x - 3) g(x) = (x + 3)*. Therefore g(f{x}) is equal to: 
B) y = f(2x) -3 A) (x -— 1)(x + 3? 

1 B) (x + 3)? -1 
C) y= f(—x+3) C) (2x - 2)? 

9) D) (x + 2)? 


D) y = 2f(x + 3) 
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Relations and Functions: Graphs of Functions and Relations (cont’d) 


98. Examine the diagram below. 


Which of the following is the graph of 


y= 5flx- 1) +22 


141. Examine the diagram below. 


-~ » YO & w& 


Bi-O 1-8 =2)40 
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Which of the following is the graph of y = f(-x)? 


A) B) 


C) 


~ bw ww ek w 


= -4 -3 -2 10 -$ -4 -3 -2 -10 
o1 2 


2 
-3 


mR 


Table D-4 
Relations and Functions: Graphs of Functions and Relations 


Panel Rating 

Level Item Key A B G D E ODOT Cor Acc Des Rtg 
Recognition/Recall 

and Comprehension 1-10 (A) 76 6 11 4 2G an IG 10. 285 4 

1-11 (© Lael 2e 0 2 eo ee rt ma i) 2 

2-48  (D) 15 8 13. 64 0 95 64 10) aes 3 

2-50 (B) 49 37 3 2) ee oOgmer 7: 10" 280 1 

3-90 (D) athe PAI 3 46 1 996 46 75 85 2 

3-98 (A) 41 7 Bier Aes) 1 98 41 30 ae OU 2 

4-141 (C) 14 36 360 12 IO WR Rie 108 FSS 1 

4-142 (A) 66 4 Sean g Sp lee 66 10 mos 3 
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Trigonometric Functions 


12. Examine the following diagram. 


50. sino = 2 and 90° < @ < 180°, then the value of @ 


is: 


A) 150° 

B) 120° 

C) 80% 

D) 0.0087 ° 


eterastontot the curve is: 54. The graph of y = csc x, -2m <x S 21, is: 


A) y = sin x oY B) 

B) y = cos X CT To) TCO ooo 

C) y = —cos x , 

D) y= Jsinx : 
2 


A A LA 

eta ty ap 

HBSS SES ReSieeets 
DRESSER Swe Sees 


13. The range of y = sec 6 is: 


C) D) 
A) iyelye 1) 
B) {y | Yess Be Sens Sees sees eee 
C) eee = Yio} HH 
D) Wal ye lory s—1} 


hy ae | PAT | 
eee eee 


Seavis Bey SRiaSee 
SEGURRNBe EBSD See 
SRR MADRS RRNeeUaasS 


14. Examine the diagram below. 


91. Which of the following functions has a negative value? 


A) iy chs 
12 
The transformation that maps graph A to graph B is: B) role Su 
4 
A) ashiftof 2% to the left. 5x 
3 C) tan — 
6 
B) a shift of = to the right. D) pa Sn 
Ss 
C) a shift of - to the left. 
D) a shift of = to the right. 
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Trigonometric Functions (cont’d) 


92. The graph of y = 2cos (2x) is: 132. The phase shift of f(x) = 2cos(3x — 7) is: 

A) tJ A) -1 
B Arad 
* x ) 3 
a. C) Tt 

-2 
D bs 
3 

B) 


133. Examine the following diagram. 


C) 
x 
0 
-1 
<2 
The value of cos © is: 
A) : 
D) 
3 
B mas 
) 5 
4 
(@ ed: 
) 5 
5 
D ae 
) 3 


93. The period of y = 00s(23) is: 


134. Examine the following diagram. 


A) me 
3 3 
1 
¥ x 
B Bd 
2 
C) Tt An equation of the curve is: 
D) 4 A) y = 3sin(2x) 
B) y = 3cos(2x) 
C) y = 3sin(x) 


D = be 
) y 300s() 
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Trigonometric Functions (cont’d) 


49. The intercept of y = cos[x-3) with the y-axis is: 


A) 1 
B) 0.5 
C) -0.5 
D) -1 
Table D-5 
Relations and Functions: Trigonometric Functions 
Panel Rating 
Level Item = Key A B & D 8 OD OLE Cor Acc Des Rtg 
Recognition/Recall 
and Comprehension 1-12 (A) 81 7 1 9 1 95 81 80 95 5 
1-13 (D) 8 8 46 34 4 78 34 Sp) wkY 3 
1-14 (A) D2gee et 18 17 Pia eh Vey! 65 80 3 
2-50 = (A) AO iain 27 2 1 94 40 iD: ee Oe 1 
2-54 =A) 40 il 28 ~=—:18 Bray 78 £40 65 80 2 
3-91 (C) PSE SC Bp SF thle tee tye 190 Z 
3-92 (D) 20 Gr" a2 1b eS! gy ayy HOV 8S 2 
3-93 .uiC) 30 924. 37 5 4 94 37 P59 S85 1 
4-132 (D) 120 202098 323 37790) 9 36 [a hs Mb) 2. 
4-133 (B) 31 42 18 6 4 9 42 SO a 795 1 
4-134 (A) 42 il 52) ee 3 94 42 70 =85 Z 
Application 2-49 (B) 33 40 14 10 3 91 40 65 80 Z 
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16. 


2s 


94. 


Applications of Trigonometric Functions 


Examine the diagram below. 
A sO m B 
Ne ; 


c 
The length of AC to the nearest metre is: 


A) 36 m 
B) 46 m 
C) 54m 
D) 76 m 


Examine the following triangle. 


-) 


A) 4 cm 
B) 7 cm 
C) 10 cm 
D) 49 cm 


Examine the triangle below. 


a 

9 40 

ims 
41 

Tan @ is equal to: 


A) 


ze 


9 
Z|8 Ble 


g 
0/8 


108 


96. 


137. 


IIS); 


my 


Examine the following triangle: 


P 


Q 8 R 


The measure of ZQ is: 


A) 14° 
B) 30° 
C) 61° 
D) 89° 


The number of roots of 2cos x = 1 in the domain 
O<x $2mis: 


A) 0 
B) 1 
C) 2 
D) 4 


A tree casts a shadow 7 m long when the angle of 
elevation of the sun is 55°. 


~——7 m—>| 


The height of the tree to the nearest tenth of a metre is: 


A) 4.0 m 
B) 4.9m 
C) 5.7m 
D) 10.0 m 


Two buildings are 60 m apart. From the top of the smaller 
building, the angle of depression of the base of the taller 
building is 25° and the angle of elevation of the top is 40°. 


Cc 
AY~40° 


Hl a ~ 


Bk-e—60 m——+|D 


95. 


We 


135; 


Applications of Trigonometric Functions (cont’d) 


The height of the taller building, to the nearest metre is: 


A) 28 m 
B) 50 m 
C) 78 m 
D) 129 m 


In parallelogram PQRS, SP = 7 cm, SR = 11 cm, 
ZQSR = 28 °. 


P Q 


11 cm 


The measure of ZSRQ to the nearest degree is: 


A) 17° 
B) 48° 
C) 104° 
D) 135° 


If 0° < 6 < 360°, then the exact values of 8 which satisfy 
the equation (sin 6)(2 cos 8 — 1) = 0 are: 


A) 0°, 60°, 180°, 300°, 360° 
B) 0°, 60°, 120°, 180°, 360° 
C) 60°, 300° 

D) 0°, 180°, 240°, 300°, 360° 


The diagonal of the base of a rectangular box, HC, makes 
and angle of 40° with the edge DC. The diagonal of the 
box, EC, makes an angle of 25° with the diagonal HC. 


If the length of DC is 21 cm, then the length of EC to the 
nearest centimetre is: 


A) 15 cm 
B) 16 cm 
C) 25 cm 
D) 30 cm 
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136. Two ships sail from a port P at the same time. After three 


17. 


53: 


hours, their positions are X and Y as shown below. 


The distance between X and Y to the nearest kilometre is: 


A) 8 km 
B) 31 km 
C) 41 km 
D) 992 km 
An expression equivalent to eer 
cosxsinx os x 
A) (cos x+2)(cos x-1) 
cos x sin x 
B) 1 weed! 
sin x 
©) cos x - cos? x 
sin x 
D) 1 eroex 
sin x 


An expression equivalent to (1 + sec x)(1 — cos x) is: 


A) tan x — sin x 
B) 1-cos x 
cos x 
a) 
C) sin” x 
cos x 
D) cos X 


i ——————— —————— —— —— —— —— — ——  ——  —— — —— — Sao 


Table D-6 
Relations and Functions: Applications of Trigonometric Functions 


Panel Rating 

Level Item Key A B C. D E ONO Tia C or. Acc Des Rtg 
Recognition/Recall 

and Comprehension 1-16  (C) 2 ii 73 11 AS 9). Sls 10 *85 3 

2-52 = (B) BE Xoy/ 17 7 Se Gos, 105 = SO 3 

3-94 (D) 12 8 18 61 1 98 6i1 Se 95 2 

3-96 (C) are als) is 4 Su 967 5 10 mS) 4 

4-137 (OC) 10726 42 14 7 Bl) 42: 70 ~=80 2 

Application 1-15 (D) 4 6 IP dey) 76 teh (ey) 80 690 3 

2-51 (©) Si 8) AZ 8 Al 98 IZ dees 8S 4 

3-95n eG) SiO Ome) 5093-50 70 ~=—80 3 

3-97 (A) 30. 0=—29 19 eel 6 86 30 65 80 2 

4-135 (D) i 2 39 = 40 J or 40 65 80 2 

4-136 (B) Sp Sy oe) 8 a, 1194) 52 70 ~3=80 p: 

Analysis/Proof 1-17 (D) 23° 24 18 D5 8 -. 87 gH | oa) 70 Z 

2-53 (C) yh | gk wig 4 88 27 60 80 2 
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18. 


19. 


58. 


83. 


99. 


Exponential and Logarithmic Functions 


i u1 

The expression 3a? x 3a ? equals: 
A) 1 
B) 9 

anh 
C) Sa * 
D) 9a 

log,65 

The expression 4 equals: 
A) 65 
B) sly 
C) 12.34 
D) 18) 


The equivalent form of log, p = r is: 


A) pa= mm. 
B) fap 
C) Pest 
D) mu— p) 


If log,243 = 5, then the value of x is: 


A) 1 215.0 
B) 48.6 
C) 3.0 

D) 0.8 


In each of the following, the graph of y = 2* is the dotted 
curve. Which diagram also shows the graph of 
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138. 


139. 


59. 


102. 


22 


The expression log, 64 equals: 


A) 1.8 
B) 4.2 
C) 6.0 
D) 8.0 


If log N = a, then logN? is equal to: 


A) n+2 
B) nv 
Cc is 
, 2 
D) 2n 


Suppose the number of bacteria in a certain culture T hours 
from now will be 100(2.7)". The time it will take for the 
bacteria count to reach 600 is approximately: 


A) 2h 
B) 3h 
C) 6h 
D) 12h 


At the end of 8 years, the value of a $700 investment 
certificate is $1 034.22. If the interest is compounded 
annually, then the annual rate of interest for this certificate 
is: 


A) 5% 
B) 6 % 
C) 10 % 
D) 105 % 


The number of years it would take an investment of 
$1,000.00 to double in value at 9 %/a compounded 
annually is approximately: 


A) 0.26 
B) 0.34 
C) 2.0 
D) 8.0 


Exponential and Logarithmic Functions (cont’d) 


20. If log,2= > then log, 32 is equal to: 


A) 26 

A) 5 B) 40 
C) 160 
ipa D) 900 


C) 3 
3 
log, 32 
Table D-7 
Relations and Functions: Exponential and Logarithmic Functions 
Level Item Key A B és D Vi OGOTE “Cor 
Recognition/Recall 
and Comprehension 1-18 (B) 360 14 23 ui 1 96 14 
1-19 (A) D2; aa 13 15 12 de PRIS ee 
2-58 (D) ares 12 54 5 78 54 
3-83 (C) 4 18 67 4 Oo) Fi Saae Gy, 
3-99 (B) 34 «42 eh ey 2 2. 3805, 642 
4-138 (©) 18 2 22 are A Se 
4-139 (D) SAeoe 8 30 Some O 
Application 2-7 ee) D4 2t 15 3) 5 74 54 
3-102 (A) 41 38 12 4 De 0 Sanam | 
4-122 (D) 3 ef iltes ees 4 66 68 
Analysis/Proof 1-20 (C) 18 10 43 20 OFS 43 
2-57 (OC) ova ee) 49 10 6 86 49 
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57. If 10* = 4, then 10°*™ is equal to: 


Panel Rating 
Acc Des _ Rtg 
13590 1 
60 80 3 
one 90) Zz 
10% 85 3 
70 ~=80 2 
Lae 0 2 
(E98) 1 
Opes 2 
Re) Z 
7pm Si) 3 
60 4b75 iz 
60 Ee7> 3 


Graphs of Second-Degree Relations 


21. Which of the following is the graph of y = Sa 61. The coordinates of the vertices of the ellipse defined by 
x? + Sy? = 81 are: 
A) / A) (3, 0) and (-3, 0) 


B) (0, 3) and (0, -3) 
C) (9, 0) and (-9, 0) 
D) (0, 9) and (0, -9) 


62. Which of the following is the graph of x? — y ? = 1? 


A) 


22. The transformation which maps the graph x? — y? = 1 to 


2 2 
the gra Of 2) is: 
eg 25 


A) a stretch in the x-direction of factor : and in the 


y-direction of factor :. 


B) a stretch in the x-direction of factor 3 and in the 
y-direction of factor 5. 


©) a stretch in the x-direction of factor 9 and in the 
y-direction of factor 25. 


D) a stretch in the x-direction of factor : and in the 


y-direction of factor = 


60. The centre and radius of the circle defined by 
(x + 3)? + (y -— 1)? = 4 are: 


A) centre (3, —1); radius 2 
B) centre (3, -1); radius 4 
(@ centre (—3, 1); radius 4 
D) centre (—3, 1); radius 2 


ti3 


Graphs of Second-Degree Relations (cont’d) 


101. The transformation which maps the graph of x’ + y? = 9 to 


the graph of (x — 2)? + (y - 7) =9 is: 


A) a translation of 2 to the right and 7 up. 
B) a translation of 2 to the left and 7 down. 
C) a stretch in the x-direction of factor 2 and in the 


y-direction of factor 7. 


D) a stretch in the x-direction of factor ; and in 


the y-direction of factor = 


2 
140. Which of the following is the graph of x? - % =-1 ? 


Level Item _— Key A 
Recognition/Recall 
and Comprehension 1-21 (D) 3 
1-22 (B) 18 
2-60 (D) 8 
2-61 (C) 13 
2-62 (A) 36 
3-100 (D) at 
3-101 (A) 46 
4-140 (©) 24 
4-144* 


144. State the length of the radius and the co-ordinates of the 


Table D-8 
Relations and Functions: Graphs of Second-Degree Relations 


centre of the circle defined by: 


x? + (y+ 5 =9 


Centre: Radius: 


E OV OTL SCor 


1 25 os 
3 42 50 
23) Oe 
4. 51933 
DE ep ENS 
Ay 9 3S 
3 68 46 
AL, 28ers) 
25) 810 434 


Panel Rating 
Acc Des Rtg 
15% 90 2 
GOP iE. 5 5 
80 90 2 
fee ae 1 
80°55. 90 1 
TI 885 1 
fer Se 2 
70 =—85 1 
(By ei 1 


ee ee Eee 


*Number of students for question 4-144 is 1126. 
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23. 


41. 


42. 


Algebraic Operations: Polynomials and Equations 


When x° + 2x? + 5x + 11 is divided by (x + 2), the 
remainder is: 


A) 37 
B) 1 
C) 0 
Dye e15 


The roots of 2x? + 7x? = 2x + 7 are: 


A) ie 7 
2 
2 
B) irs, 2 
7 
C) i teal 
2 
D) este 
2 


Factor completely 6x” + 25x — 9. 


Answer: 


One of the factors of x3 — 7x? + 17x — 20 is: 


A) x-3 
B) x+3 
C) x+4 
D) x-4 


The roots of kx? — 3x + 4k = 0 are: 


ay BS=TSE guy 3-y9=TSE 
Z 2) 

B) 3+y9- 16K" V 9- 16k? and 3-¥9- 16k? 
2k 2k 


2 = 
©) 3+/9+16k? g « 3-V9+ 16K" 


2k 2k 
3+/9-16k?  3-V9- 16K? 
ae .2 2 
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43. 


81. 


103. 


121. 


143. 


When 2x? — 5x? + 6x — 1 is divided by x + 2 the quotient 
is: 


A) 2x? - 9x + 15 
B) 2x?-x+4 

C) 2x? — 9x + 24 
D) 2x2 — 9x — 12 


In factored form, x? — 64 is equivalent to: 


A) (x — 4)(x? + 4x + 16) 
B) (x + 4)(x? — 4x + 16) 
C) (x — 4)(x + 4) 

D) (x - 49 


Factor completely xy + 3x — 2y - 6. 


Answer: 


The roots of 2x? — 11x + 5 = O are: 


A) u and 5 
2 

B) land 5 
A 

GC) 3 and 1 
22 

D) Bid and —1 
2 


Factor completely 4xy* — 12xy + 9x. 


Answer: 


Table D-9 
Algebraic Operations: Polynomials and Equations 


Level Item ‘Key A B G D 18, O OTL 
Recognition/Recall 

and Comprehension 1-1 (B) iy ee 6 3 PEA OS 

1-2 (C) Sar ae) oe 6 98 

1-23* 14 99 

Ofat# **(D) LN) SEU Oe Sa 4 98 

2-42 (B) 20 56 15 6 Soe Fee 

2-43 (©) 323 58 814 OM hss 

3-81 (A) D3 LO LO tee2t i hss 

3-103* eh) 2) 

Al2t (A) i hes Til 5 3 100 

4-143* LOS 


Cor 


82 
a) 
a2 
ay 


*Number of students for open-ended questions is 1151, 1132, and 1123 (order as in table). 
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Panel Rating 
Acc Des Rtg 
05 taco) 4 
70 ~=80 2 
S07" 290 B 
TBS OR) 2 
[OVS 2 
LOS 2 
70 ~=80 2 
13° 385 3 
Tae oo 3 
Jon 90 iz 


Absolute Value 


3. The expression |x| may be defined as: 105. Solve |x - 2] = 5. 

A) Xen exs 10) 
. ae 130. The graph of |x - 1| <2 is: 
C) x, ifx <0 : 

=x, ifx 20 A) 

Ske aoe ee 

D) x, if x20 43210123 4 

-x,ifx <0 

B) 


4-32-10 1 2 3 4 
56. The expression = ae equals: 


C) ates 
A) —3 4432-10123 4 


B) 0 
C) 3 
D) ; ——— 
D) 9 4-3-2010, 1 20nd 
2 
Table D-10 
Algebraic Operations: Absolute Value 
Panel Rating 
Level Item Key A B G D Na) O- OIL, (Cor Acc Des Rig 
Recognition/Recall 
and Comprehension 1-3 (D) Sh t, ail pee! 96) 4s 2 65 85 2 
2-56 (C) It APS IS Le yeO Se Piel 2 Sal 9D 3 
3-105* eek. eb) IQ 82 1 
4-130 (A) 36 Le eel els Teo La ao OOS 1 


*Number of students for question 3-105 is 1131. 


Ug 


Radicals 


Ly 
5 


24. Evaluate (-15)* correct to 2 decimal places. 


A) -9 
Answer: B) mr 
C) | 3| 
D) foe 
63. Evaluate 17°” correct to 2 decimal places. 
—————— 3 
ana 123. The expression /(-2)* is equal to: 
A) —2 
B) -8 
C) 2 
D) | -2 | 


82. The expression y(-9)? is equal to: 


Table D-11 
Algebraic Operations: Radicals 
Panel Rating 
Level Item Key A B C D E OFOIE 1 Cor, Acc Des Rtg 
Recognition/Recall 
and Comprehension 1-24* 16 8&9 46 (Pe 2p) Ps 
2-63* lo AW yl S95 2 
3-82  (D) De i Go ee OF 9S 69 1SeesD 3 
4-123 (A) 19 =) aks 1S SO mee 2 Ps 2s) 3 


*Number of students for question 1-24 is 1152 and for question 2-63 is 1137. 
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Process Problems 


Read the mathematics problems below carefully. Write your answer directly on this sheet. SHOW ALL 
YOUR WORK. Use the back of this page if you need more room. 


Item 


RW NH — 


G. 


Tin Jee collects basketball cards. When they are stacked in 3. A triangle has sides of length 60 cm, 80 cm, and 100 cm. 

piles of 2, there is 1 left over. When they are stacked in Determine the length of its shortest altitude. 

piles of 3, there is 1 left over. With piles of 5, there are 

none left over. If he has fewer than 50 basketball cards, 

how many cards does he have? 4. ABCD is a square with sides of length 6 cm. E, F, G, H 
are vertices of equilateral triangles constructed on the sides 
of the square. Calculate the area of square EFGH, correct 

On the beach during the summer Nina collected white and to the nearest square centimetre. 

pink shells. One day she found 2 white shells and 1 pink 

shell. On the next day, she found 4 white shells and 4 

pink shells, and on the third day she found 6 white shells 

and 7 pink shells. If this pattern continued, on what day 

did she find 30 more pink shells than white shells? 


Table D-12 
Process Problems 
Panel Rating 
Key N B ¢ D E F G O OLE Cor. Acc Des Rtg 
B+C+D 1360 62 10 11 2 ) 9 1 83 Feet) ®) 
B+C+D 1244 51 3 22 en 13 ) 1 56 65 85 3 
B+C+D 1243 22 1 1 8 23 Sh) 4 2 (oo) 8) 1 
B+C+D 1210 24 0 0 14 +21 35 4 ZS eno 2 


Completes the solution correctly, using an appropriate strategy. 
Gives the correct answer; starts an appropriate strategy, but does not complete it. 
Gives the correct answer, but does not show reasoning/strategy. 


Selects an appropriate strategy, but does not get correct answer due to a minor 
(e.g., computational) error. 


Selects an appropriate strategy and shows understanding, but does not complete the solution 
or makes a major error in reasoning. 


Attempts the question, but does not show understanding that would lead to a solution. 


*Opportunity-to-learn data were not obtained for the process problems. 


19 


Item 


RWNre 


Note: 


> 


ARR 


D 


Searching for 
a pattern 


Searching for 
a pattern 


Estimating; 
guess and 
check 


Drawing an 
accurate 
diagram 


A - Did not attempt the question. 


Table D-13 


Percentage of Students Using Each Strategy for Process Problems 


28 
je) 


G D jh BE G 
6 29 8 25 9 
1 26 49 12 n/a 
1 ih 6 6 lj 
1 js 26 14 13 
Strategies Represented by Each Letter 
i F G 
Constructing Estimating; Using a 
a table guess and formula 
check or equation 
Constructing Using a n/a 
a table formula or 
equation 
Drawing Using Theorem of 
a scale similar Pythagoras* 
diagram triangles 
Trigonometry* Theorem Solving a 
of Pythagoras* similar problem 


H 
Accounting 
for all 
possibilities 


n/a 


Area of 
a triangle* 


n/a 


B - Attempted the question, but does not show understanding that would lead to 
a solution. 


C- Answer only, right or wrong; no work shown. 


S- Some other strategy. 


*These strategies involved the use of a formula. 
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n/a 


Trigo- 
nometry* 


n/a 


eee 


1-25 24% 


5% 
16% 


24% 


Correct: B or C 


2-64 45% 


4-144 34% 


4-145 21% 
18% 


71% 


6% 
22% 


26% 


Correct: B or C 


Table D-14 
Scoring Criteria for Selected Open-Ended Questions 


A. Does not attempt the question. 

B. Selects appropriate strategy and carries it through to produce a proof, 
using good form. 

C Selects appropriate strategy and carries it through to produce a proof, 
with error(s) in form. 

D. Selects appropriate strategy, but makes a minor error. 

E. Selects appropriate strategy, but makes a major logical error or does not 
complete the proof. 


F, Attempts the question, but does not show understanding that would 
lead to a proof. 


Student was required to get both length and angle correct. 


Student was required to get both centre and radius correct. 


A. Does not attempt the question. 

B. Selects appropriate strategy and carries it through to produce a proof, 
using good form. 

C. Selects appropriate strategy and carries it through to produce a proof, 
with error(s) in form. 

D. Selects appropriate strategy, but makes a minor error. 

E. Selects appropriate strategy, but makes a major logical error or does not 
complete the proof. 

F. Attempts the question, but does not show understanding that would 
lead to a proof. 


ee 


The scoring criteria for the process problems were given in Table D-12. The remaining open-ended questions were 


simply scored correct or incorrect. 
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Table D-15 
Summary of Achievement Data by Topic 


No.of Average Percentage Correct OTL Panel Rating 
Items eae, 28S. 
Topic | Female Male Total Acc Des Rtg 
Geometry 28 49.2 SB)S) D2 74.7 68 83 3 
Congruence and parallelism 10 43.2 50.9 47.0 76.5 68 83 3 
Similar figures 9 61.5 659 63.6 78.9 68:7 82 4 
The circle 9 43.6 49.7 46.7 68.6 69 =86 3 
Recognition/recall and comprehension 14 22 59.4 55.8 Ves! : - - 
Application and analysis/proof 14 46.2 Led 48.6 76.3 - - - 
Relations and Functions 54 47.1 50.3 48.6 84.7 GA oe Z 
Graphs of functions and relations 8 Don 55.8 54.6 9595 (EOS 2 
Trigonometric functions 12 44.3 47.1 45.6 OTS 70) 8S oD 
Applications of trigonometric functions 13 SLL 54.5 Spal) D277, 70 =—-83 i 
Exponential and logarithmic functions 12 44.6 50.1 47.2 77.0 69 =85 2 
Graphs of second-degree relations 9 42.7 43.7 43.2 64.6 74 8&7 if 
Recognition/recall and comprehension 40 48.0 50.2 49.1 84.7 - : - 
Application and analysis/proof 14 44.5 50.4 47.3 84.7 - - - 
Algebraic Operations 18 Sls Yi) ee. 96.6 74 ~=—-86 3 
Polynomials and equations 10 60.2 539 59.4 98.6 TS taeso 3 
Absolute value 4 44.0 45.5 44.6 95.0 71 = 88 2 
Radicals 4 63.1 65.9 64.3 93:2 TSS 3 
Process Problems 4 42.6 ans! 47.2 n/a 65 = 83 3 
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Table D-16 
Teacher Responses for Opportunity to Learn 


Percentage of Teachers 


Reasons for Not Teaching 


Question Taught Taught Not in Other 
Number Taught prior later curriculum reasons 
Geometry 1-4 80 15 5 0 0 
1-5 69 11 14 2 + 
1-6 78 4 11 0 8 
1-7 ve) 1 15 1 8 
1-8 Te 0 18 2 4 
1-9 41 10 4 21 25 
1225 79 10 9 0 2 
2-44 76 it) 6 1 Z 
2-45 76 5 Ww 0 7 
2-46 ayy) 2 24 2 14 
2-47 45 0 32 6 17 
2-64 2» 23 10 2) 20 
2-65 ils, 6 13 0 7 
3-84 76 16 | 0 1 
3-85 de 6 13 i 5 
3-86 Ds) 0 5) 0 1 
3-87 73 4 13 3 a 
3-88 59 Z Ss, 2) 8 
3-89 37 1 29 11 22 
3-104 =) 20 8 3 10 
4-124 80 5 12 0 4 
4-125 81 2 12 0 5 
4-126 65 1 ay, 4 9 
4-127 60 4 18 8 11 
4-128 65 4 23 ] 7 
4-129 61 4 27 1 i 
4-131 95 0 5 0 f 
4-145 79 7 10 x 
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Table D-16 (cont’d) 
Teacher Responses for Opportunity to Learn 


Percentage of Teachers 


Reasons for Not Teaching 


Question Taught Taught Not in Other 
Number Taught prior later curriculum reasons 
Relations 1-10 91 5 1 1 1 
and 1-11 2 7 1 0 0 
Functions 1-12 95 0 5) 0 0 
1-13 78 0 9 Z di 
1-14 94 0 6 0 1 
1-15 i) 1 2 0 0 
1-16 oF 0 5 0 0 
1-17 87 0 8 1 4 
1-18 oD 4 3 1 0 
1-19 TS 0 DY 0 3 
1-20 ie 0 22 0 3 
1-21 85 ) 5 0 0 
1-22 AQ) 1 5) 4 20 
2-48 87 8 Js 1 3 
2-49 90 1 6 1 2 
2-50 94 0 5 0 2 
2-51 98 1 2 0 0 
2-52 96 0 4 0 0 
2-53 88 0 v | 1 4 
2-54 78 0 11 1 11 
2-55 9] SS) 2 1 1 
2-57 82 4 11 1 Z 
2-58 78 0 | 0 2, 
2-59 74 1 ly 1 6 
2-60 63 14 17 1 3 
2-61 Di, 0 3a 1 11 
2-62 52 0 36 1 11 
3-83 78 0 a 0 1 
3-90 89 7 1 1 1 
3-91 Al 0 5 0 0 
3-92 95 0 5 0 1 
3-93 94 0 2 0 1 
3-94 98 1 Z 0 0 
3-95 89 4 6 1 0 
3-96 96 0 4 0 0 
3-97 86 0) 8 1 4 
3-98 86 1 1 0 1 
3-9) 1 1 19 1 1 
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Table D-16 (cont’d) 
Teacher Responses for Opportunity to Learn 


Percentage of Teachers 


Reasons for Not Teaching 


Question Taught Taught Not in Other 
Number Taught prior later curriculum reasons 
Relations 3-100 a 0 oy pI S, 
and 3-101 61 @ 24 2 6 
Functions 3-102 42 Z2 15 3 ity, 
(continued) 4-122 46 20 12 6 16 
4-132 90 0 6 0 4 
4-133 98 0 2) 0 0 
4-134 94 0 6 0 0 
4-135 84 2 3 6 5 
4-136 94 0 4 Z 1 
4-137 87 0 wh 1 5 
4-138 78 0 20 0 Z 
4-139 iS 0 23 0 Z 
4-140 a1 0 36 Z 11 
4-14] 82 at 2 0 5 
4-142 84 8 2 2 5 
4144 65 16 14 1 et 
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Table D-16 (cont’d) 
Teacher Responses for Opportunity to Learn 


Percentage of Teachers 


Reasons for Not Teaching 


Question Taught Taught Not in Other 
Number Taught prior later curriculum reasons 
Algebraic 1-1 98 1 Z 0 0 
Operations 1-2 97 1 2 0 0 
1-3 94 2 4 0 1 
1-23 98 2 1 0 0 
1-24 88 1 i] 1 4 
2-41 98 0 2 0 0 
2-42 a 8 0 1 0 
2-43 97 1 2s 0 0 
2-56 93 5 2 0 1 
2-63 89 1 2) 0 8 
3-81 98 1 2 0 0 
3-82 89 8 2 0 1 
3-103 25 5 0 1 0 
3-105 93 2 4 1 1 
4-121 il 5 0 0 0 
4-123 92 >) 4 0 0 
4-130 88 3 a 1 4 
4-143 95 4 0 1 0 
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Appendix E: Confidence Intervals for 
Achievement Results 


This review used a matrix sampling of students and test questions. 
Questions were divided into four assessment booklets, and each student 
participating in the review responded to only one booklet. Since each 
student did not answer all questions, there is a degree of uncertainty 
associated with the achievement results reported in Appendix D. The 
estimates from matrix samples are generally good for scores that sum 
across the matrix samples - that is, that include questions from each 
booklet and therefore include information about all students. The 
Statistical accuracy of an estimated response rate for a single item is, on 
the other hand, relatively low, since the item is answered by only one- 
quarter of the students. 


The magnitude of the uncertainty for each curriculum area and for 
individual items is given in Table E-1 in the form of the 95 per cent 
confidence-band widths. For example, the band width for Geometry 

is + 0.6 per cent and the average percentage correct as reported in Table 
D-15 is 52.2. The confidence interval for this topic is 52.2 per cent plus 
or minus 0.6 per cent, or 51.6 to 52.8 per cent. The average percentage 
correct would fall within this range 95 times out of 100 if the review 
were repeated with similar sampling procedures. 


The band width for an individual item depends on the percentage 
correct. For example, an item answered correctly by 53 per cent of 
students has a band width of + 2.9 per cent. The confidence interval for 
the item is 53 per cent plus or minus 2.9 per cent. 


The confidence-band widths for each curriculum area for the averages 


for female and male students are given in Table E-2. Results for 
individual questions were not reported by gender. 


127 


Table E-1 
Confidence-Band Widths for Achievement Topics and 
Individual Items 


Confidence- 
band 
Width (£%) Topic 


0.6 Geometry 
0.9 Congruence and parallelism 


0.9 Similar figures 
0.9 ‘The circle 


0.8 Recognition/recall and 
comprehension. 

0.8 Application and analysis/ 
proof 


0.5 Relations and Functions 

1.0 Graphs of functions and 
relations 

0.9  Trigonometric functions 

0.8 Applications of trigonometric 


functions 

0.9 Exponential and logarithmic 
functions 

1.0 Graphs of second-degree 
relations 


0.6 Recognition/recall and 
comprehension 

0.8 Application and analysis/ 
proof 


0.8 Algebraic Operations 
1.0 Polynomials and equations 


is) Absolute value 
1.3 Radicals 


1.0 Process Problems 


Confidence- 
band 
Width (+%) Individual Item 


1.7. Individual item with 10% 
correct response 

2.3. Individual item with 20% 
correct response 

2.7. _——~=Individual item with 30% 
correct response 

2.9 Individual item with 40% 
correct response 

2.9 Individual item with 50% 
correct response 

2.9 Individual item with 60% 
correct response 

2.7. ~—Individual item with 70% 
correct response 

2.3 Individual item with 80% 
correct response 

1.7. —_ Individual item with 90% 
correct response 
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' Table E-2 
Confidence-Band Widths for Achievement Topics 
by Gender 
Confidence-band Width (£%) 
Females = Males HOPG 

0.9 0.9 Geometry 
1.3 F2 Congruence and parallelism 
1.3 E2 Similar figures 
i3 1.3 The circle 
Tel 1.0 Recognition/recall and comprehension 
lel 1.1 Application and analysis/ proof 
0.7 0.8 Relations and Functions 
1 1.4 Graphs of functions and relations 
ie? ee Trigonometric functions 
2 2 Applications of trigonometric functions 
13 T3 Exponential and logarithmic functions 
1.4 1.4 Graphs of second-degree relations 
0.8 0.8 Recognition/recall and comprehension 
ikl i Application and analysis /proof 
1.1 ist Algebraic Operations 
1.4 123 Polynomials and equations 
ie 19 Absolute value 
leg 1.8 Radicals 
1.5 1.4 Process Problems 
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Appendix F: Analysis of Planning Documents 


Type of Document 


1. Number of school-level documents: 96 


2. Number of board-level documents: 19 


The numbers in this appendix specify the percentage of documents that met specified 
criteria. One set of percentages is given for the 96 school-level documents that were 
submitted, and a second set of percentages is given for the 19 board-level documents. 


School Board 
eae % % 
Course Guideline Yes No Yes No 
3. Was the appropriate guideline identified 84 16 79 2) 
(Curriculum Guideline Mathematics 
Intermediate and Senior Divisions, 1985, 
Part 3: Grades 11 and 12, Advanced Level)? 
4. Did the document include a general description 44 56 63 37 
of the course? 
5. Was the level of difficulty at which the course is offered 98 2 100 e) 
indicated or the common course code identified? 
6. Was acredit value indicated? 82 18 79 21 
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Objectives Listed 


Suggested Minimum Number of Hours in Guideline School Board 
oe SE ee een allah al el dace phat hid ee cesses age Se eee 
Content Area % % 


i Were the following content objectives listed and 
did they state a time requirement consistent with 


the guidelines indicated in the brochure? Suggested 
Hours 
Geometry. 
e Congruence and parallelism GBI) 964 100 0 
e Similar figures Czy) 96" "4 100 0 
e The circle Cra) spmwien 110.8 0 


Relations and Functions: 


e Graphing functions and relations CiOw) 97 Sw 100 0 
e Trigonometric functions CO) 99 ] 100 0 
e Applications of trigonometric functions Ci 99 ] 100 0 
e Exponential and logarithmic functions GC10S) 99 ! 100 0 
e Graphs of second-degree relations (oa) 99 ] 100 0 


Algebraic Operations: 


e Polynomials and equations Ga) 99 1 100 0 

e Absolute value (3) 06n4 OSimrO 

e Radicals (23>) SP Je 10 
Statistics: 

e Dispersion (optional) Die TE 53 4/7 

e Correlation (optional) PRIA! Ale eS 
Core extension or options ( 30) PIE side: 42 58 
Minimum total time requirement 110 
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Minimum Time 


Requirement Met 


School Board 
Content Area Yes : No Yes” No 
7. Were the following content objectives listed and 
did they state a time requirement consistent with 
the guidelines indicated in the brochure? Suggested 
Hours 
Geometry. 
e Congruence and parallelism Gis) 868 nal 94 6 
e Similar figures Cr) 845, al6 94 6 
e The circle C355) POP NO 49) (8) 
Relations and Functions: 
e Graphing functions and relations (6) 94 6 94 6 
e Trigonometric functions C59) OSintci2say LOO 0 
e Applications of trigonometric functions Gi) 84 16 94 6 
e Exponential and logarithmic functions (51 Ome) 88 12 100 0 
e Graphs of second-degree relations (ORs) 92 8 100 0 
Algebraic Operations: 
e Polynomials and equations Cy) 99 he P86 @) 
e Absolute value C2359) 836 Galvemel Go 0 
e Radicals Goda) 84 §=16 T3027 
Statistics: 
e Dispersion (optional) 4 9% O 100 
e Correlation (optional) 4 9 O 100 
Minimum total time requirement 110 
8. Did the document address the following 
process components? 
e Proof ZOnmeeth, 53 77 
e Problem solving 905 ap] 50 50 
9. Was there an indication of a scope and sequence 
or program delivery chart? 96 4 100 0 


r2 


JL eo School Board 


Course Objectives Yes %o No Yes %o No 


10. Was a rationale/statement of philosophy outlined? 51 49 79 21 
11. Were general course aims included? 74 26 84 16 
12. Were objectives included for each content area? 73 Dh 84 16 


13. Were the following types of objectives included? 


(a) Attitudes 32 67 21 79 
(b) Skills 75 25 90 10 
(c) Knowledge 85 1S 100 0 


14. Were the objectives mainly stated in 
terms of students’ learning outcomes for the following? 


(a) Attitudes 18 82 2] 79 

(b) Skills 5S esue4s 68 32 

(c) Knowledge 57 43 68 32 
School Board 

Teaching Methods Yes No Yes “e No 

15. Did the documents include a multi-resource 25 15 47 93 


approach to mathematics? 


16. Were possible instructional methods/ 40 60 68 32 
teaching strategies described? 

17. Were sample activities/lesson plans/ ls 87 47 OS 
tasks/problems provided? 

18. Was the specific use of calculators indicated? 25 75 32 68 

19. Was the specific use of computers indicated? 14 86 2] 79 

20. Did the teaching strategies include the use of 16 84 42 58 


mathematics equipment? 
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School Board 
% % 
Evaluation Practices Yes No Yes No 
21. Were theoretical or background statements about 21 79 26 74 
assessment/evaluation included? 
22. Were evaluation practices described? We 205 1] 89 
23. Were the following evaluation procedures included? 
e Formative evaluation 
— records of previous achievement 4 9% 5 95 
— topic or unit pretests (ranging from informal 12-988 1] 89 
oral questioning to written diagnostic tests) 
— systematic observations of attitudes and 60 40 42 58 
performance, including oral and written 
presentations of solutions to problems 
— informal questioning related to specific objectives 6 94 100 
— teacher-student discussions or interviews, which 7 93 1] 89 
could include informal or formal diagnostic 
strategies to probe levels of understanding 
— self-evaluation by students 6 94 5 95 
— peer evaluation by students Sey 100 
e Summative evaluation 
— topic or unit post-tests 89 1] 74 26 
— formal examinations at specific intervals 82 18 63 37 
— standardized tests related to course objectives Pn ASi5} 5 95 
— projects or essays 4] 59 26 74 
24. Was the relative emphasis/weight of evaluation 68 aS2 53 47 
components for student marks/grades outlined? 
25. Was information on reporting to parents outlined? Crres4 iS) 95 
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% % 
Resources Yes No Yes No 
ee eee ee eee 
26. Was a textbook or other learning materials indicated? 94 6 68 a2 
27. Was a list of reference books or other professional 43 57 42 58 
materials for use by teachers provided? 
28. Was the use of concrete manipulative aids outlined? 8 92 100 
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Appendix G: Committee Members 


This appendix lists members of the following committees: item 
development, face validity check, marking of screening materials, 
marking reliability, planning documents analysis, and interpretation 
panel. All committees had both English-speaking and French-speaking 
members and were divided into English and French subcommittees to 
deal with issues specific to each language. General issues that applied 
to the reviews in both languages were discussed by all members of a 
given committee. 


Ministry of Education personnel were responsible for directing the 
various activities for the committees and for providing in-service for the 
board contacts and support for schools and boards involved in the 
review. 
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George Blackwood, Ph.D. 


Dana D’Amore 


Michael Kozlow, Ph.D. 


Jacinthe Leclerc 


Robert Morrow 


Dennis Raphael, Ph.D. 


Marilyn Sullivan 


René Trahan 


André Vézina 


Woilford Whissell 


Dale Willoughby 


Dennis Yapps 


Denis Yelle 


Ministry of Education 


Learning Assessment Branch 
Learning Assessment Branch 
Learning Assessment Branch 


Direction de l’évaluation de 
l’apprentissage 


Learning Assessment Branch 
Learning Assessment Branch 
Learning Assessment Branch 


Centre pour la formation du 
personnel enseignement 


Direction de l’évaluation de 
l’apprentissage 


Région du centre-nord de 
l'Ontario 


Northwestern Ontario Region 


Direction de l’évaluation de 
l’apprentissage 


Direction des programmes 
d’enseignement 


Item Development Team 


Bob Alexander Toronto Board of Education 

Dave Alexander, Ph.D. Faculty of Education 
University of Toronto 

Judy Crompton Lincoln County Board of 
Education 

André Ladouceur Conseil scolaire de langue 


francaise d’Ottawa-Carleton 


Jeri Lunney Nepean, Ontario 
Jeff Martin Etobicoke Board of Education 
Patricia Rae Dufferin-Peel Roman Catholic 


Separate School Board 


Face Validity Check Committee 


Chris Dearing Halton Board of Education 
Coordinator / Mathematics 

Stanley Oprendek Lincoln County Board 
Teacher of Education 
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Marking of Screening Materials 


Dave Alexander, Ph.D. Faculty of Education 
University of Toronto 


Serge Courchesne Conseil des écoles catholiques de 
Prescott-Russell 


Judy Crompton Lincoln County Board 
of Education 


Dave Davidson Simcoe County Board 
of Education 


Marilyn Hurrell Lakehead Board of Education 


Marking Reliability Committee 


Manny Deonarain Wentworth County Board of 
Education 

Charles Pinnegav Haldimand County Board of 
Education 


Planning Documents Analysis Committee 


Bob Alderson Hamilton Board of Education 
Melodie Baldin Niagara South Board 

of Education 
James Braham Haldimand Board of Education 
Lorraine Palmer-Smith Leeds and Grenville County 


Board of Education 
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Interpretation Panel 


English 


Peggy Aitchison 
Vice Principal [OSSTF] 


Vince Avedesian 
Teacher [OSSTF] 


Garry Flewelling 
Consultant [OMCA] 


Al Garrett 
Teacher 


Pat Houle 
Teacher 


Mary Mainland 
Parent 


Dr. Eric Muller 
Professor 


Stewart Nimmo 
Parent 


Eugene Weber 
Teacher 


Paul Zolis 
Consultant [OMCA/OAME] 
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North York Board of Education 
Lincoln County 
Board of Education 


Wellington County Board 

of Education 

Nipissing Board of Education 
Espanola Board of Education 
Owen Sound, Ontario 
Faculty of Mathematics and 
Science, Brock University 
Brockville, Ontario 


Ottawa Board of Education 


Scarborough Board of Education 


French 


Carole Dupuis 
Parent 


Maurice Ethier 
Professeur 


Brian Gargano 
Enseignant 


Roger Landry 
Enseignant 


Jean Sabourin 
Enseignant 
[OAME] 


Sunoy Sanatani 
Professeur adjoint 


Jean-Marc Spencer 
Parent 


Jacques St-Aubin 
Directeur 


Marc Thériault 
Enseignant 
[FEESO] 


Gérard Vachon 
Enseignant 


Denis Yelle 
Services consultatifs 
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Ottawa (Ontario) 


Ecole des sciences de 
l'éducation 
Université Laurentienne 


Conseil scolaire de langue 
francaise d’Ottawa-Carleton 
(section catholique) 


Conseil de |’éducation de la ville 
de Hamilton 


Conseil des écoles séparées 
catholiques de Stormont, 
Dundas et Glengarry 


Département de mathématiques 
Université Laurentienne 


Sudbury (Ontario) 


Conseil des écoles catholiques 
de Prescott-Russell 


Conseil de l’éducation de 
Sudbury 


Conseil des écoles séparées 
catholiques du district de 
Timiskaming 


Conseil scolaire de langue 
francaise d’Ottawa-Carleton 
(section publique) 
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